The Journal ae Ta \ 
Bone and Joint Surgery 


The Official Publication of 
The American Orthopaedic Association 
The British Orthopaedic Association 
The American Academy of Orthopaedic Surgeons 
The Australian Orthopaedic Association 
The Canadian Orthopaedic Association 


OCTOBER 1949 


American Volume 


Vol. 31-A, No, 4 


8 THE FENWAY, BOSTON 15, MASSACHUSETTS, U. S. A. 


BRITISH OFFICE: 
45 LINCOLN’S INN FIELDS, LONDON, W.C. 2, ENGLAND 








The Journal of Bone and Joint Surgery 


The American Orthopaedic Association 
The British Orthopaedic Association 
The American Academy of Orthopaedic Surgeons 
The Australian Orthopaedic Association 
The Canadian Orthopaedic Association 


PUBLISHED IN TWO VOLUMES 


"a | ® 

The Journal of Bone and Joint Surgery The Journal of Bone and Joint Surgery 

AMERICAN VOLUME BRITISH VOLUME 

Editor, and ‘Chairman of the Board of Editors: Sir REGINALD WarTSon-] ONES, Editor 

Wiis A. RoGers P 
Treasurer, and Chairman of the Editorial Committee: British Editorial Board 

Frank D. Dickson, Kansas City, Missouri ProFessor GeorGE Perkins, Chairman The 
American Board of Associate Editors: Puitip WILEs, Treasurer ‘ 

OSEPH S. Barr, Vice Chairman H. JAcKson Burrows, Assistant Editor 

uFuS H. ALLDREDGE, New Orleans, Louisiana J. WFORD ADAMS, Sub-Editor 
Harry C. Brair, Portland, Oregon Norman L, Capener, Exeter, England 
Wa ttTER P. BLount, Milwaukee, Wisconsin ALEXANDER GILLIES. Wellington, — Zealand The 
FREMONT A. CHANDLER, Chicago, Illinois D, Lx. Grirritrs, Manchester, En 
MaTHER CLEVELAND, New York, N. Y. Rosert I. HARRIS, Toronto, Choate 
JosePu A. FREIBERG, Cincinr.ati, Ohio W.L. MacponaLp, Sydney, Australia AT 
G. E. Haccart, Boston, Massachusetts B.L. McFARLAND, Liverpool, England 
VERNE T. INMAN, San Francisco, California A. V. MEEHAN, Brisbene, Australia 

. VERNON Luck, Los Angeles, California E. A. Nicott, Mansfield, England Slip 

. RELTON McCarROLL, it. Louis, Missouri K. 1. NISSEN, London, England 
LEo Mayer, New York, N. Y. H. Osmonb-CLarKE, London, England 
FRANK R. OBER, Boston, Massachusetts . EDouARD SAMSON, Montreal, Canada End 
Winturop M. PuHeEtps, Baltimore, oy age jERBERT J, SEDDON, Oxford, England oan 
R. B. RANEY, Durham, North Carolina R. I. StirLinc, Edinburgh, Scotland 
A.R. SHANDS, Jr., Wilmington, Delaware G. T. pu Torr, Johannesburg, South Africa 


Wituta A. Rocers, Editor-in-Chief ae 


Editorial Committees The 


The American Orthopaedic Association The British Orthopaedic Association 
Treasurer: FRANK D. Dickson, Chairman S. A. S. MALKIN, President 
President-Elect: JAMES S. SPEED H. Jackson Burrows, Editorial Secretary The 
Secretary: C. LESLiE MITCHELL Puiuip WILEs, Secretary 
Henry Ford Hospital, Detroit 2, Michigan 45 Lincoln's Inn Fields, London, W.C. 2 
The Canadian Orthopaedic Association ‘ Exy 
The American Academy of Orthopaedic Surgeons . E. Samson, Montreal 
Treasurer: H. RELTON McCarroii wD Harris, Toronto 
President-Elect: Guy A? CALDWELL ALEXANDER Grsson, Winnipeg Clit 
Secretary; Harotp B. Boyp J. A. Leo Waker, Secretary 
869 Madison Avenue, Memphis 3, Tennessee 1538 Sherbrooke "Street West, Montreal 
The Australian Orthopaedic Association Cat 
A. C. Dous as, Brisbane, vate pas E. F. West, Adelaide, South Australia 
ih 'S. Lanz, Brisbane, Queensland A. Juett, Perth, West Australia 
. Kine, Mel bourne, Victoria H.C. aren’ . ydney “Nat South Wales 
B. T. KEON-COHEN, ‘Melbourne, Victoria D. Parker, Hi rt, Ty ‘asmania Eat 


A. R: HAMILTON, Secretary, 138 Macquarie Street, Sydney, "New South Wales 


Orthopaedic Surgeons’ Group of South Africa 
G. T. pu Tort, Secretary, 79 de Villiers Street, Johannesburg 


Owned and Published by Published in the United Kingdom 


The American Orthopaedic Association by E. & S. Livingstone, Teviot Place, Edinburgh 
The 
THE JOURNAL OF BONE AND JOINT SURGERY = 
American Office: British : h 
8 The Fenway, Bowen is, Moncicusetts, U.S.A. 45 Lincoln's lan Finds Locdon, W.C. 2, England pro 
Assistant Editor: Florente L. Daland 193 











The Journal of 
Bone and Joint Surgery 


American Volume 





TABLE OF CONTENTS 
October 1949 
PAGE 
The Influence of the Contact-Compression Factor on Osteogenesis in Surgical Fractures. 
By G. W. N. Eggers, M.D.; Thomas O. Shindler, M.D.; and Charles M. Pomerat, Ph.D., Galveston, 
esa oo aes ea Gia pa iso hina lars piace nr'a ore S9 a aahe oes wad SNS an na eaasi ee EE occe OS 
The Trumble Operation for Fusion of the Hip. 
By George W. Van Gorder, M.D., Boston, Massachusetts.................. 000 cccccecccccees 717 
A Technique for Arthrodesis of the Hip Joint. 
By Alan DeForest Smith, M.D., and Orren D. Baab, M.D., New York, N. Y..............045. 727 
Slipping of the Upper Femoral Epiphysis. 
Sy es, Oe I, BE a, TW BON, Dh Mosaic oi vicci cic dadecen suds eeecsetneeedees 734 
End Results in Physiological Blocking of Flail Joints. 
By Alberto Inclén, M.D., Havana, Cuba......... inicea tiacue a Vihbdel k Geaak deoscaNa Neck baleG mee 748 
Fractures of Both Bones of the Forearm in Adults. 
By Robert A. Knight, M.D., and George D. Purvis, M.D., Memphis, Tennessee. . sc ee 
The Experimental Production of Ectopic Cartilage and Bone in the Muscles of Rabbits. 
By John H. Heinen, Jr., M.D.; G. H. Dabbs, B.S.; and H. A. Mason, B.S., Chicago, Illinois. ..... . 765 
The Growth of the Bone Marrow. 
ee Pasene: EGie, BEB., COTO, TI ooo io ao kink. hs cnsereradseenecndieessebseseoe O90 
Experiences in the Use of Homogenous (Bone Bank) Bone. 
By James B. Weaver, M.D., Kansas City, Kansas. . . Te Tee eee Pre 778 
Clinical Evaluation of the Merthiolate Bone Bank. A Preliminary Report. 
By Fred C. Reynolds, M.D., and David R. Oliver, M.D., St. Louis, Missouri... . . bias aid eae 792 
Causes for Amputations Performed at Walter Reed General Hospital during 1947 and 1948. 
By Colonel August W. Spittler and Lieutenant Colonel Lloyd W. Taylor, Medical Corps, United 
IN Go 9:255 earn cisco eyed al se iets Ar mene ert er eee ere ae Tore 
Early Effects of Partial Sensory Denervation of the Hip for Relief of Pain in Chronic Arthritis. 
By Benjamin E. Obletz, M.D.; L. Maxwell Lockie, M.D.; Elmer Milch, M.D.; and Irving Hyman, 
pe eS ee NE SEAL ee, ere wean ecnteeaaina ae 


(Continued on page 3) 


The Journal of Bone and Joint Surgery (American Volume) is issued quarterly—in January, April, July, and October. The 1949 
subscription price, payable in advance, is $10.00. Single copies $2.50 

The Journal of Bone and Joint Surgery, entered as second-class matter August |, 1921, at the Post Office, Boston, Mass., under 
the act of March 3, 1879, Editorial and business offices, 8 The Fenway, Boston, Mass. Accepted at the special rate of postage 
provided for in the act of February 28, 1925, Paragraph 4, Section 412. Postal Laws and Regulations; authorized April 21, 
1932. Additional entry at Concord, New Hampshire, authorized June 10, 1947. 

Copyrighted 1949 by The American Orthopaedic Association, Inc. 
* TITLE REGISTERED IN UNITED STATES PATENT OFFICE 


1 











Suggestions for Contributors 


While The Journal of Bone and Joint Surgery is published by The American Orthopaedic Association and 
The British Orthopaedic Association, contributions of interest to orthopaedic surgeons are welcome from all 


countries of the world. 

Manuscripts offered for publication in the American Volume should be sent to the Editor, The Journal of 
Bone and Joint Surgery, 8 The Fenway, Boston 15, Massachusetts. 

Manuscripts submitted for publication in the British Volume should be sent to the Editor, The Journal 
of Bone and Joint Surgery, 45 Lincoln’s Inn Fields, London, W.C. 2, England. 





Instructions te Contributors to American Volume 


All articles are acknowledged as soon as received, and a reply is sent as to their disposition as soon as 
possible after that date. Since the manuscripts are read by members of the Board of Associate Editors and 
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Original Articles 
Papers will be accepted only for exclusive publication in this Journal. The American Orthopaedic As- 
sociation does aot officially endorse the opinions presented in the different papers published in this Journal. 
Articles and their illustrations become the property of The Journal. 


2 














wy 


— > —= ia 


1 and TABLE OF CONTENTS 





n all 
(Continued from page 1) 
val of PAGE 
Obturator Neurectomy for Coxalgia. An Anatomical Study of the Obturator and the Accessory Obtu- 
urnal rator Nerves. 
By Robert A. Kaiser, M.D., Buffalo, New York... . 815 
Procaine Injection for Relief of Pain in the Hip. 
By Willard V. Ergenbright, M.D., and Frederick C. Lowry, M.D., lowa City, Iowa 820 
niles Electromyography in Orthopaedics. 
anil By Arthur L. Watkins, M.D., Boston, Massachusetts. . 822 
Hemangioma of the Knee Joint. 
rnal. By Julian E. Jacobs, M.D., and F. Wayne Lee, M.D., Charlotte, North Carolina....... 831 
Osteosynthesis of the Neck of the Femur. 
dt By Johs. Spotoft, M.D., Kalundborg, Denmark. . . . 836 
e 
The Use of the Technique of Progressive-Resistance Exercise in Adolescence. 
onal By J. Roswell Gallagher, M.D., Andover, and Thomas L. DeLorme, M.D., Boston, Massachusetts.. 847 
An Unusual Form of de Quervain’s Syndrome. Report of Two Cases. 
ed in By Ian D. Murphy, M.D., Van Nuys, California. . . eect era ; . 858 
A Method of Procuring Iliac Bone by Trephine Curettage. 
By Walter Scott, M.D., Hollywood; — C. Petersen, M.D., Glendale; and Sidney Grant, M.D., 
1 and . 
Los Angeles, California 2A Pate tee ae on eee : _ 860 
mber. Vitallium-Cup Arthroplasty of the Hip Joint. Review of eile One Hundred Cases. 
By Alexander Gibson, F.R.C.S.(Eng.), Winnipeg, Manitoba, Canada. . é . 861 
ution. Posterior Dislocation of the Hip with Fracture of the Head of the Femur. 
By Everett J. Gordon, M.D., and Joseph A. Freiberg, M.D., Cincinnati, Ohio. . . 869 
Surgical Approach to the Vertebral Body. 
By Arthur A. Michele, M.D., and Frederick J. Krueger, M.D., Brooklyn, New York. . . .. 873 
Idom Posterior Dislocation of the Sternoclavicular Joint. Report of a Case. 
By Walter A. Gunther, M.D., Knoxville, Tennessee................. ; 878 
nts of r r 
News Notes............. aa dines ee betas 880 
ld be 
Letter to the Editor. . Gaghitetnae 880 
Book Reviews.............. ae oe 881 
ses Conference on Post-Graduate Education in Orthopaedic Surgery. ‘ ' 887 
) 
hould Index to Volume 31-A 
India Amthbom........ Says conn egaaiats Becereeks i ' -. 913 
Subjects...... eee ae pes 919 
have Addresses of Contributors... .. Mepeya aes 5403 ; .Cover 3 
m the 
ild be - — —- — 
1ed to 
Subscription Rates 
ill be AMERICAN AND BRITISH VOLUMES—-Combination price $18.00 or £4.10.0 
en American Volume, $10.00 or £2.10.0 British Volume, £2.10.0 or $10.00 
— Published January, April, July, October Published February, May, August, November 
All subscription rates include postage 
Checks should be made payable to The Journal of Bone and Joint Surgery. 
ic As- THE JOURNAL OF BONE AND JOINT SURGERY 
urnal. American Office British Office 
8 The Fenway, Boston 15, Massachusetts, U.S.A. 45 Lincoln’s Inn Fields, London, W.C. 2, England 
3 




















Newest Aid to an | 
Understanding of Orthopaedics 
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This new book by the Secretary of the British Orthopaedic Association, and 
Editorial Board Member of The Journal of Bone and Joint Surgery, British Volume, 
covers all diseases and injuries of the bones and joints, and of the muscles and 
nerves controlling them. It is a practical book—using the regional arrangement to 
assist with diagnosis, and explaining physiology and pathology in clearly under- 
stood terms. Treatment is detailed, specific; operative procedures described in 
general terms. Subject matter is inclusive, ranging from Postural Defects through 
Pyogenic Infection to Diseases of the Nervous System. 


This brand-new aid to teacher and student should have your thorough considera- 
tion. Order a copy for examination. 


486 Pages, 7 Color Plates, 365 Text Figures 
Churchill's price — 42 shillings 
Blakiston's price — $10 
THE BLAKISTON COMPANY 


1012 Walnut Street, Philadelphia 5, Pa. 














4 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 








YW 





TREPTOMYCIN Calcium Chloride Complex Merck, ever since its in- 
troduction, has been a preferred form of this valuable antibiotic, 
characterized by uniform potency and minimum pain on injection. The 

| Merck crystallization procedure assures chemical purity. 
Dihydrostreptomycin Sulfate Merck, produced by the catalytic hydro- 
genation of crystalline streptomycin calcium chloride complex, is a distinct 
chemical and pharmacologic entity of uniformly high purity and stability. 
| These two antibiotics are valuable companion products that will 
care for every contingency in which streptomycin therapy is rec- 
ognized as of value. 


Established 
Therapeutic 
Efficacy 


Assured 
Purity 








Dihydrostreptomycin | 
Sulfate 
_ Merck 


COUNCIL ACCEPTANCE PENDING 


Streptomycin 
Calcium Chloride 
Complex Merck — 


COUNCIL Ss ACCEPTED 









MERCK & CO., Inc. Manufacturing Chemists RAHWAY, N. J. 
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No. 415—A precision tool which fits over the head of hexagon screw to insert it 
into the opening of the intertrochanteric plate, tightening the Lorenzo screw and 
plate together, making a fixed unit. Made of SMO Stainless Steel. Each $4.00. 


Send for fracture catalog JB 10-49 
OVER FIFTY YEARS OF SERVICE TO THE PROFESSION 


DePUY MANUFACTURING COMPANY 
WARSAW, INDIANA 
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Prenatal Orthopedic 
Postoperative Lumbosacral 
Postnatal Sacro-lliac 
Pendulous Abdomen Dorsolumbar 
Breast Conditions Visceroptosis 
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@ Developed and improved over four decades of 
close cooperation with the profession, basic CAMP 
designs for all basic scientific support needs have long 
earned the confidence of physicians and surgeons here 
and abroad. All incorporate the unique CAMP system 
of adjustment. Regular technical and ethical training 
of CAMP fitters insures precise and conscientious 
attention to your recommendations at moderate prices. 


If you do not have a copy of the latest CAMP “REF- 
ERENCE BOOK FOR PHYSICIANS AND SURGEONS,” 
it will be sent on request. 


S$. H. CAMP and COMPANY, Jackson, Michigan 
World's Largest Manufacturers of Scientific Supports 
New York © Chicago * Windsor, Ontario ¢ London, England 








YOU MAY RELY on the mer- 
chants in your community 
who display this emblem. 
Camp Scientific Supports 
are never sold by door-to- 
door canvassers. Prices are 
always based on intrinsic 
value. 


NOTE: C i th hout the nation will 
mark the 11th annual observance of NATIONAL 
POSTURE WEEK October 17 to 22 as the year's 
leading event in public health education. These 
two heavily illustrated booklets on posture, 
prepared especially for distribution by phy- 
sicians to their patients, have been tia 
approved by the profession. Their titles: ‘The 
Human Back .. . its relationship to Posture and 
Health” and “Blue Prints for Body Balance.” 
Ask for the quantity you need on your letter- 
head. SAMUEL HIGBY CAMP INSTITUTE FOR 
BETTER POSTURE, Empire State Building, New 
York 1, N. Y. Founded by S. H. Camp and 
Company, Jackson, Mich. 
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The care, skill, and precision of 
30 years’ experiencé go into filling 


your prescription for orthopaedic 
VZICO appliances. No effort is too great to 
make absolutely certain that your 


Noes dihenatie patient shall receive the full bene- 
aa~Sbotense fits which you intend that the 
Muscle-Building : A 
Asay Cusitons appliance shall provide. 
Our highly trained craftsmen 
take pride in their long service to 


the medical profession. Exacting 


As h Y/ e and difficult cases are solved to 
7 your complete satisfaction. 
ADE MARK . 


Posture Plates We will gladly send our 
—_— catalog on — 





- Kusistone RUBBER Company, Ine. 
pea 1919 












“HANDLE WITH CARE” 
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RIB-BACKS make it eee 


























Eat ON THE SURGEON: 


Superior cutting efficiency, predicated upon 
inimitable, uniform sharpness throughout the 
entire cutting edge, Rib-reinforcement—an ex- 
clusive feature that provides added strength 
and a degree of rigidity best calculated to resist 
lateral pressure, insures dependable blade per- 
formance which serves the surgeon to the great- 
est advantage. 


ON THE ASSISTANTS: 
Dependable blade performance poses fewer 
problems for other inembers of the surgical 
team. Less time-consuming delays . . . less con- 
fusion . . . an essential contribution towards 
clocklike surgical procedure. 


Ga0f tO WANDLE: 


Precision fabricating methods and rigid in- 
spection controls insure blade-for-blade uni- 
formity with a resultant capacity to accurately 
and firmly fit every B-P Handle designed for 
component use. Various blade patterns can be 
interchanged instantly as required. 


Gat ON THE BUDGET: 


The buyer is assured of 12 perfect blades in 
every dozen RIB-BACKS purchased. Their 
superior qualities and longer periods of satis- 
factory utilization are also factors that reduce 
blade consumption to an economic minimum. 

















? | Ask ie deals 
BARD-PARKER COMPANY, IN 
Denbury, Connocticut 


| | MW vl 
| 
mA BARD-PA R 


| K Winn 
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Sabel Brace Sizes 
Shoes are in INFANTS’ 
stock and can 5 to 8 
be ordered in CHILDREN’S 
half pairs or 9 to 11 
pairs or in split > 
sizes in con- — and 
junction with ne png 
Surgical and ism 5 
Club-Foot GROWINGGIRLS’ 
Shoes. and Boys’ 

LJ 4 to6 

F FULL SIZES 

<x ONLY 

x NO HALF SIZES 

D WIDTH 

tid 

es) 

<< 

© 

fea) 

Ly 

a <= 

wa — a 

a with sole re- 

Perfectly Straight moved, showing 
Last for Either Sabel Brace 
Right or Left Foot Plate 





Note bottom view showing position of the specially designed Sabel Brace Plate built 
within the shoe between insole and outsole of heavy gage steel tempered to the point 
of giving all possible strength but borable with Bracemaker’s standard drill. 


It carries exclusive features, ideally adapted to the bracemaker’s work of attaching 
stirrups for braces, eliminating the necessity of using a steel plate as has been formerly 
| done on top of the insole next to the foot. 


| Write for name and address of nearest agency that can supply service on Sabel’s Brace, 
Club-Foot, and Surgical Shoes and booklet with complete details. 


| I. SABEL, Inc. 
1207 Chestnut Street Philadelphia 7, Pa. 
Made Exclusively by 


THOMPSON BROS. SHOE CO., Brockton, Mass. 
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Clinical tests indicate 
SPENCER effectively controls 
orthostatic hypotension 
following high dorsolumbar sympathectomy 


One of the findings in studies* covering a 6 month 
to 3 year follow-up on 173 patients who had sym- 
pathectomies to include the 4th thoracic level in- 
dicate that the control of the orthostatic hypoten- 
sion which results “routinely requires a special cor- 
set (Spencer Support) with a spring suprapubic 
pad (Spencer Abdominal Spring Pad**)... 


The Spencer Support and Abdominal Spring Pad 
used in these—and in present—studies are pictured 
at right. Their effectiveness in control of this hypo- 
tension is due to these physiological benefits: 


The support—which improves 
and maintains posture and body 
mechanics—and the Abdominal 
Spring Pad—which serves as a 
resilient visceral elevator—com- 
bine to help prevent the pooling 
of blood in lower abdomen and 
extremities, favorably influence 
circulation and respiration, en- 
courage exercise of muscles. 
The comfortable support to 
spine and abdomen exerts a 
desirable psychological effect, a 
heightened sense of well-being, 
and confidence in getting back 
to normal living. 





These benefits are obtained because this 
Spencer Support—like every other Spencer—is 
individually designed, cut, and made foreach ~~ = = = _ 


patient to attain the prescribed medical aims. | SPENCER, INCORPORATED 
129 Derby Ave., Dept. BB, New Haven 7, Conn. 
I Canada: Spencer, Ltd., Rock Island, Que. 





For a dealer in Spencer Supports, look in England: Spencer, Ltd., Banbury, Oxon. 

telephone book (see “Spencer corsetiere,” Please send booklet, “Spencer Supports in 

“Spencer Support Shop,” or Classified ! Modern Medical Practice.” 

Section). Or write direct to us. \ ‘i 
pcertesssesssesseseees rT lata F 

Evans, James A., Bartels, Carl C., Results of High Dorso- 

lumbar Sympathectomy for Hypertension, Annals of Inter- Pu OmeemeneNaS ren ven tee= (Street) ‘Sieh acs eriacegnn 

nal Medicine 30: 307-329 (February) 1949. 1 

% % Patented 1 (City & State) 10-49 


SPEN CER “Zzsexo”” SUPPORTS 
FOR ABDOMEN, BACK AND BREASTS 
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HANDICAPPED? 


His Hanger leg is no handicap! 


“| have played on softball teams, was chosen as a member of the 
All-Star team, play tennis, and enter into any games that | would had | 
not been wearing an artificial limb,” says O. D. Stone, Hanger wearer 
in Texas. Not all wearers of Hanger Limbs can jump as Mr. Stone does 
above. But Hanger wearers can and do walk comfortably, safely, and 
satisfactorily, and perform every-day activities. Hanger Limbs allow 
the amputee to return to daily life as a living and working individual. 


HANGER eines 
LIMBS 





























ALBANY 6 COLUMBUS 8, OHIO PITTSBURGH 30 
ATLANTA 1 INDIANAPOLIS 2 RALEIGH, N. C. 
BALTIMORE 1 JACKSONVILLE scenes 10 
BIRMINGHAM 1 MEMPHIS 
BOSTON 16 MILWAUKEE 4 ae 0 
CHARLESTON 2, W. VA. NASHVILLE SAN FRANCISCO 2 
CHARLOTTE 2, N. C. NEW ORLEANS ST. LOUIS 3 
CHICAGO 7 NEW YORK 11 TOLEDO 
CINCINNATI 2 OKLAHOMA CITY 3 WASHINGTON 13 
COLUMBIA, S. C. PHILADELPHIA 7 WILKES-BARRE, PA 
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Alternating Pressure-Point 
MATTRESS 


Automatically Provides Continuous 


Redistribution of Pressure Points 


without Manual Assistance 


1) A valuable aid in the prevention and treatment of pressure-sores. 


ta Greatly simplifies nursing care. 


Provides marked 


benefits in— 


PARAPLEGIA 
HEMIPLEGIA 


TERMINAL ILLNESSES 


INFANTILE PARALYSIS 


INDICATED FRACTURES 


CARDIAC DECOMPENSATION 


POTT’S DISEASE 
EMACIATION 
COMA 


Continuous head-to-foot redistribution of pressure points, at 2 to 3 minute 
intervals, is accomplished automatically as illustrated in the diagram, thus 
preventing lengthy compression of any of the blood vessels between the 
patient’s bony prominences and mattress . . . a primary cause of decubiti. 


Eliminates constant manual turning of patient ... a factor that substantially 
reduces nursing care. The Unit produces a gentle rhythmic massaging 
action that tends to stimulate cutaneous circulation. Creates a highly favor- 
able psychological reaction that is conducive to desired relaxation and sleep. 


FITS ANY STANDARD HOSPITAL BED 


The overall dimensions of the Alternating Pressure-Point Mattress corre- 
sponds to the exact dimensions of the standard hospital mattress over which 
it is secured. An anchor flap extending from head section prevents Mattress 
from riding in any direction or slipping when bed is in Fowler position. 
The Unit in no way hinders operation of Gatch sections. 


ELIMINATES NEED FOR WATERPROOF SHEETING 

The Mattress is fabricated of a highly flexible, non-burning, waterproof, 
plastic material. No additional rubber sheeting or pad is ever required in 
making up the bed. 


ORDER TODAY or write for further information. 


Manufactured for and exclusively distributed by 
AMERICAN STERILIZER COMPANY 


Erie, Pennsylvania 
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D&G ANACAP* SURGICAL SILK 


A non-capilla | silk of exceptional tensile strength, outstanding for many 
years as a specialty suture in combination with D&G Atraumatic® needles, 
Anacap Black Braided Silk is now available on spools, unsterilized, in 
lengths of 25 and 100 yards and in range of sizes from 6-0 to 5. 

Packed in a convenient plastic box, Anacap Silk is well protected from 
dust and dirt and may be readily sterilized by boiling or autoclaving. 

Non-capillary under all conditions to which sutures are exposed, D&G 
Anacap Silk is of such high tensile strength that it may be used in finest 
sizes without danger of breaking. It is free from stiffening lacquers or 


traumatizing substances. 


D&G SUTURES 


“This One Thing We Do” 


DAVIS & GECK, INC., 57 Willoughby Street, Brooklyn 1, N. Y. 
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NICOLAUS COPERNICUS (1473-1543). 
Regarded as the founder of modern as- 
tronomy. Established the theory that the 
earth rotates daily on its axis . . . and that 
planets revolve in orbits around the sun. 





FORWARD STEPS 
IN SCIENCE 


Copernicus laid the foundation for the advanced 
knowledge of astronomy. In like manner, Sklar’s 
foresight in selecting the proper alloy of American 
made stainless steel for surgical instruments laid 
the foundation for the production of the most 
dependabie instruments the surgeon has ever used. 

During the past decade ceaseless research en- 
abled American steel makers to win unquestioned 
leadership in the production of high grade stainless 
steel. Stainless Steel was a vastly greater factor in 
winning the war than is generally known. 

It is a special alloy of this world’s most perfect 
steel that is used for the making of Sklar Stainless 
Steel Surgical Instruments. That’s why the sur- 
geons always find in Sklar instruments strength, 
hardness, toughness, resilience and resistance to 
corrosion. 

The J. SKLAR MFG. COMPANY makes the 
greatest variety of stainless steel surgical instru- 
ments ever produced by a single manufacturer. 


LONG ISLAND CITY, N.Y. 


Sklar Products are available 
through accredited surgical 
supply distributors. 
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Precision-Built For 
The Specialist in Bone Fixation 


/BERBECKER 


No. 977—15 INCH 
HEAVY DUTY 
STEEL CUTTER 


CUTS STEINMANN PINS, VITALLIUM SCREWS & NAILS 
WITH EASE AND EFFICIENCY 


Sharp-edged, well balanced, great cutting power; with ordinary hand 
strength, diameters up to %6’’ can be easily severed. Made of fine alloy steel 
and heavily nickeled to resist corrosion. Though very powerful, it is compact 
enough to fit standard office sterilizer and medical bag. In every respect a 
modern instrument built to highest surgical standards. Your dealer can supply 
it promptly. 





JULIUS BERBECKER & SONS, 15 E. 26th ST., NEW YORK 10, N. Y. 
For Over 50 Years Specialists in Surgeons’ Needles Made in England 
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FROM THE PAINTING BY FRANK O. SALISBURY 


COURTESY, JOHNS HOPKINS HOSPITAL 


William , Wilco 


18638 


A graduate of University of Virginia, Dr. Wilmer 
studied at New York Polyclinic and various Euro- 
pean hospitals. Beginning the practice of ophthalmol 
ogy in New York in 1906, he became professor of 
ophthalmology at Georgetown University. In 1925 he 


went to Johns Hopkins University as professor and 
ophthalmologist-in-chief to Johns Hopkins Hospital. 


1936 


The Wilmer Institute, of which he was Director, 
was created as a tribute by friends and patients. Dr 
Wilmer served as an overseas medical officer during 
the first World War and was a Brigadier General in 
the Medical Reserve Corps. He was a founder of the 
American College of Surgeons and contributed much 
to the literature on ophthalmology. 


From the Series, Great American Surgeons, Published By 


ETHICON SUTURE LABORATORIES, DIVISION OF 


JOHNSON & JOHNSON, NEW BRUNSWICK, N. J. 








Chicag®?, 11. — Photograph in Ethicon 
Suture Laboratories, showing ribbons of 
surgical gut being inspected just prior 
to immersion 


in chrome bath. After 
on severa 
into a com 


chromicizati | ribbons are spun 
pleted sutur 
chromicizing 


sive Ethicon 
chrome disposition, resultin 


gin uniform 
digestion by tissue enzymes. 


e strand. Tru- 


before spinning, an exclu- 
process, assures uniform 





Why you get a better suture 


WITH ETHICON’S TRU-CHROMICIZING PROCESS 


The fate of the absorbable suture after implanta- 
tion and wound closure, and its reactions in the 
host, are the ultimate test of the suture’s quality 
and dependability. 

Today chromicized gut is widely used because 
of its resistance to digestion until healing is ac- 
complished. In this aspect, the chromic suture 
must possess these attributes: 

1. Sufficient chrome content to withstand pre- 
mature digestion. 

2. Chrome concentration must not be so exces- 
sive that fragments of the suture resist digestion 
and persist in tissue. This condition frequently 
leads to knot extrusion. 

In order to obtain a product having the highest 
possible degree of uniformity, Ethicon chromi- 
cizes raw gut strands in the ribbon stage. This 
more meticulous process was named Tru-chromi- 
cizing. The alternative method, used by others, 
called surface-chromicizing, involves the dipping 
of the finished, spun and dried suture strand in a 


SURFACE-CHROMICIZING * 


at 


Pn 
When gut is chromicized after strands are spun and dried, 
chrome concentration is very high in surface layers and 
relatively low in the core. Inner core is digested rapidly—the 
highly chromicized periphery survives for prolonged periods. 


*To illustrate this comparison, small laboratory trays are used. In 


L seus 





chrome bath. These are 
methods: 


Surface-Chromicizing 


In enzyme solution, the 
core of most surface-chro- 
micized gut digests readily, 
leaving a hollow cylinder 
which separates into rib- 
bons. 

This cylinder may be ex- 
cessively resistant to en- 
zyme action and remain as 
an undigested foreign body 
indefinitely. 


the results of the two 


~~ 
Tru-Chromicizing 
Ethicon Tru-chromicized 
gut exhibits uniform en- 
zyme resistance throughout 
digestion. It digests from 
the surface inward, and re- 
tains its integrity as a uni- 
fied suture until dissolution 
approaches completion. 
Total digestion elimi- 
nates the danger of knot 
extrusions and sterile stitch 


abscesses. 


What Tru-Chromicizing Means To You 


1. Less interference with healing through mini- 
mized foreign body reaction. 

2. High tensile strength of suture retained for the 
healing period, followed by complete absorption. 
3. Uniformity in those physical and physiologic 
characteristics essential to accurate surgical 
technic, 


ETHICON TRU-CHROMI 


CIZING 


pe 


BN 
Individual ribbons of gut are soaked in chrome bath before 
they are spun into strand, permitting uniform deposition of 
chrome. The strand thus has the same chrome content from 
periphery to center. 
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Non-Absorbable Sutures of Choice 


NYLON — Ethicon’s Black 
Braided Nylon has high ten- 
sile strength, ties readily, and 
is gauged according to U.S.P. 
sizes. 

Ethicon Nylon is a specially 
processed strand which fully 
meets the surgeon’s require- 
ments for a non-absorbable 
suture. It is moisture and 
serum proof, 


THICON 
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COTTON— Ethicon Cotton, 
US.P., is 10% to 30% stronger 
than ordinary cotton. Specially 
prepared from imported 100% 
Egyptian long staple fiber. 

Ethicon cotton is free from 
lintandirregularities. Noharsh 
fillers or harmful dyes. 

If you have a preference for 
cotton, try Ethicon Twisted 
Cotton. 


ETHICON 


Sulusvts 





SILK— You get intrinsicstrength 
and minimal tissue reaction 
with Ethicon Tru-Formed 
Black Braided Silk Sutures. 

Ethicon Silk forms smooth, 
firm knots; has minimal ad- 
herence to tissue. Non-capil- 
lary, serum-proof, non-toxic, 
strictly U.S.P. gauge. 

Ask your O. R. Supervisor 
for Ethicon Silk. 





ETHICON SUTURE LABORATORIES 
Division of Johnson & Johnson, New Brunswick, N. J. World’s Largest Manufacturer of Surgical Gut 
Suture Laboratories at New Brunswick, N. J.; Chicago, Ill.; Brazil; Argentina; Scotland; Australia 


COPYRIGHT 1949, JOHNSON & JOHNSON. PRINTED IN U.S.A, 




















THESE IMPROVED DESIGN FEATURES OF NEW 
VITALLIUM® SCREWS MAKE THEM THE FINEST IN SURGERY 


SHERMAN TYPE 
SCREWS 


Head detail—the new 
Sherman screw head 
is characterized by 
the deep driver slot 
with a slightly round- 
ed head. The tapered 
portion is accurately 
designed to fit snugly 
and firmly into the 
counter-sink of the 
Vitallium bone plates. 


OLD 






































































Neck detail—Note the 
improved design and 
increased strength in 
this important area. 
The last screw thread 
tapers out gradually 
to the head for great- 
er strength. 


Thread detail— Note 
the sharp, smooth 
wide spaced threads 
for ease of screw in- 
sertion and strong 
bone-holding power. 


VITALLIUM 
Types of Vitallium Surgical Screws available: APPLIAN 
Sherman-type, coarse threaded; Phillips recessed- 


head type; Wood types; Large Venable types; Trans- 
fixion screws; Finger plate and skull plate screws. 


TOUGH ees 
STRONG 
TESTED 


Improved Vitallium Surgi- 
cal screws meet every 
requirement for ideal 
surgical service—made that 
way in every design feature, 
by advanced metallurgical 
knowledge and production 
experience, by extensive 
testing and inspection pro- 
cedures. 


DESIGN ... Strong heads, 
deep driver slots. Sharp, 
deep uniform, well-spaced 
threads. Self-tapping flutes 
with truncated points. 


MANUFACTURE...Micro- 
cast to close dimensions, 
with uniform strength, 
toughness and resiliency. 
Hand finished and threads 
chased (trimmed) for accu- 
racy and smoothness. 


TESTING-INSPECTION 
.-. Eleven testing and in- 
spection procedures, 
including Rockwell hard- 
ness and resiliency tests. 
X-ray inspected to elimi- 
mate screws with internal 
flaws. Torsion tested to 
assure strength. 


ORDER THROUGH YOUR 
SURGICAL DEALER 






STRONG © NEUTRAL © PASSIVE IN VIVO 


F Completely tolerated by bone and tissue 
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SURGICAL DIVISION, 224 EAST 39TH STREET, NEW YORK 16, N. Y. 
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Zinvmev INSTRUMENTS | 
for EPIPHYSEAL STAPLING 


Zimmer Stapling Tools are now used for efficient stapling 
of distal femoral and proximal tibial epiphyses to control 
growth in cases of unequal growth, knock-knee, bowlegs, 
back-knee, flexion deformity or combinations of deformities 
as described by Walter P. Blount. 





Write for full information and description 
of operating technique and clinical tests. 


VAL 


MANUFACTURING CO., WARSAW, IND 
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~ CONTOUR CASTS 


Conformability Unequaled with 


~ aN 
Aire-Cast 4 

reso was ari 
Examine this unretouched photograph of 
Aire-Cast Bandage. Note how the knitted 
construction of the glass-plastic conforms to 
curves without pleating or tucking. This 
explains why Aire-Cast may be exactly 
shaped and set to any and all body contours, 
insuring the absolute immobilization which 
characterizes a good cast. 
Not only does Aire-Cast give unequalled 
conformability, but the finished cast is: 

Light in weight 

Exceptional in strength 

Unaffected by water 

Porous and comfortable to wear 

Transparent to x-ray 
It is easily applied by dipping this bandage 
into Setting Fluid and wrapping it into place. 
Use of Aire-Cast Bandage and Fluid leaves 
no cleanup afterward of doctor, patient, or 
room. Descriptive literature sent on request. 


THE TOWER COMPANY, Inc. 
P. O. Box 3181 Fifth and Stevens 
Seattle 14, Washington Geneva, Illinois 


*Trade Mark of plastic cast bandage made by The Tower Co., Inc. 


LOT EL 


ee as 
nie 


++ 
Soe 


~~ 


6 
SsESSSES 


Shas 


or ere a 
— 
cor) 
ne SS FS 


> 








23 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 














Taylor Spinal Retractor 


This instrument has proven very effective when large muscle 
masses must be retracted in the lumbar region for arthro- 
desis and laminectomy. Leverage rather than direct 
pull is used to effect the retraction. Set of two $11.00 


MEDICAL RESEARCH SPECIALTIES, Loma Linda, California 


NEUFELD FEMORAL NAIL PLATE 


Used for internal fixation of intertrochanteric 
and subtrochanteric fractures. 


Write for descriptive literature 


MEDICAL RESEARCH SPECIALTIES 


Loma Linda, California 
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This donor was photographed at 4 P. M. at a blood donor center. 
By midmorning the next day his blood had been centrifuged at 
Cutter Laboratories, the plasma withdrawn and pooled in prepar- 
ation for fractionation into life-saving Human Blood Fractions. 


















will you need tomorrow? 


Will it be a surgical case tomorrow morning, with 
the patient a poor surgical risk and profound shock 
a distinct possibility? NORMAL SERUM ALBU- 
MIN (salt poor) counteracts shock by osmotically 
restoring circulatory fluid to the proper level. Per- 
haps the same operation will call for a hemostatic 
agent. FIBRIN FOAM AND THROMBIN, a homo- 
logous absorbable sponge made from human blood 
fractions, may be used where hemostats and sutures 
are impractical, or THROMBIN alone may be used 
to control minor hemorrhages and capillary oozing. 
FIBRIN FILM is particularly advantageous in 
brain and neuro-surgery. It is available in sheets as 
a membrane substitute and as a covering in severe 


For specific, selective blood proteins in con- 
centrated form, specify CUTTER — the 
only complete line of Human Blood Fractions. 


Wor fraction of this man’s blood 





burns...and if plasma is indicated, IRRADIATED 
PLASMA—CUTTER~— is available in safe, stable, 


desiccated form. 


Whooping cough in young patients can be fatal. 
HYPERTUSSIS* CUTTER’S anti-pertussis serum, 
is concentrated counterattack against whooping 
cough. The source is blood from hyperimmunized 
human donors. Fractionation isolates the highly 
concentrated antibody-bearing protein, and makes 


it ready for instant use to prevent or treat pertussis. 


Measles, too, can be prevented or treated. IMMUNE 
SERUM GLOBULIN—CUTTER~— is fractionated 


from the plasma of human venous blood. 
*Reg. U. S. Patent Office 


CUTTER 


CUTTER LABORATORIES, BERKELEY 10, CALIFORNIA @ HUMAN BLOOD FRACTIONS 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 








WHY ARE SO MANY BONE SURGEONS 
SWITCHING TO THE NEW COLLISON BONE 
PLATES AND CRUCIATE-HEAD, PILOT- 
POINT BONE SCREWS AND INSTRUMENTS? 


Developed under the supervision of the Army Medical Research 
and Development Board, all Collison Bone Plating Equipment is 
Precision Engineered and manufactured to designs determined by 
iclinical experience. All Collison Bone Plates and Screws are made 











1, COLLISON HAND DRILL (HANDLE) 
a. Rough finish prevents 
slipping from wet rubber 
gloves. 



















in accordance with formula adopted by the Sub-Committee on Bone 
Plates and Screws, Committee on Fractures and other 
Trauma, American College of Surgeons in 1945, to guard 
as far as possible against plate breakage and absorption. 


See: pp. 335-347 Journal of Bone 
and Joint Surgery, April, 1947 issue, 


tween handle and drill 

points. These factors elimi- 

nate tendency of operator's 
hand to deviate. 

c. Handle design permits effi- 
cient operation in any po- 

sition. 











2. COLLISON HAND DRILL 
(GEAR SYSTEM) 

a. Geared low to prevent 
bone drill from burn- 
ing bone. 

b. Features Jacobs Chuck 

providing non-slip 

grip on drill point. 





10, COLLISON CLEARANCE 
DRILL POINT NO. 26 





a. Used to drill clearance 
holes in bone graft. 






b. Used to drill clearance 
holes in proximal cortex for 
transfixation screws when 
using screws only to ap- 
proximate fracture surfaces, 











5, COLLISON CRUCIATE HEAD 
SCREW DRIVER (HANDLE) 

a. Octangular shape for great- 
er grasping power. 

b. Rough finish prevents 

slipping from wet rubber 

gloves, 





















3. COLLISON DRILL POINT 
a. Non-Breakable; can be 
bent into S-shape with- 





out 7 
b. Cuts on forward end 
only; eliminates en- 
largement of proximal 
cortex while drilling 
distal cortex. 


$. COLLISON PILOT-POINT 
COUNTERSINK 








a. Pilot-Point allows Coun- 
tersink to be used in an- 
gulation without slipping 
sideways due to angle. 






6. COLLISON CRUCIATE HEAD SCREW itt note, ENEARGED 
a. Self-tapping flutes assure c. One diameter screw, with 







easy insertion of screw with constant tolerance of threads; 
superior thread-cutting re- used with single size drill- 
sult. point, provides maximum 
5. Pilot-Point maintains con- holding power in every ap- 








stant alignment of screw to plication. 
















4, COLLISON DRILL GUIDE 

a. Centers drill hole in hole 
in plate. Enables taper on 
screw head to fit counter 
sink in plate. Eliminates + 
damaging of screw flutes 
and threads caused by rub- 
bing the side of hole in 
plate and thus assuring 
maximum holding power. 







11, COLLISON DRILL GUIDE 
FOR BONE GRAFT 












7, COLLISON CRUCIATE HEAD 
a. Allows moderate angula- 
tion of screw driver with- 
out disturbing direction of 
screw or causing screw 
driver to become disen- 







a. Centers the Drill Point in 
the center of the clearance 
hole in the bone graft. Used 
in conjunction with the 
Countersink, to insert 
screw properly, it provides, 
protection against splitting 
of bone graft. 















gaged. 

Utilizes universal-joint 
principle in relation of 
screw to screw driver. 


> 






8. COLLISON BONE PLATE od... at the fracture site. 


. 
WR ITE 7 a. Can be bent to conform ¢. Underside curvature of 
with contour of bone with- la 


out buckling. 
b. Middle of plate wider to 
increase strength where resultant fatigue to screw 
eads. 


Engineering Company ..........: 


P. 0. BOX 2279 * GREENSBORO * NORTH CAROLINA 
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Chronic osteomyelitis of 12 years’ duration after 
compound fractures of leg. 14 surgical procedures 
failed to close the cavity. Pain and foul-smelling 
discharge caused patient to request amputation. 


Treatment with Chloresium brought progressive 
closure of the cavity. Purulent drainage and odor 
stopped. Pinch grafts of granulation tissue at base 
were successful and cavity closed completely. 


CHLOROPHYLL HEALED 


where other methods of treatment failed 


@ The case shown above is one of hundreds 
which resisted other methods of treatment—until 
Chloresium therapeutic chlorophyll preparations 
were used. The published record* shows that the 
great majority of them not only responded rapidly 
to Chloresium’s chlorophyll therapy, but healed 
completely in a relatively short time. 


Faster healing of acute cases 


Results with Chloresium in acute wounds and 
burns have been equally dramatic. Faster heal- 
ing, less infection, less scar tissue formation have 
been obtained. In addition, Chloresium provides 
quick deodorization of foul-smelling conditions. 

This new approach to prompt, effective heal- 
ing is due to Chloresium’s proved ability to 
stimulate normal cell growth. Now, for the first 
time, you can give positive help to tissue in re- 
pairing itself. Try it on your most resistant case 
—it is completely nontoxic, bland and soothing. 


Chloresit 





Solution (Plain); Ointment; Nasal and 
Aerosol Solutions 


Ethically promoted—at leading drugstores 
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* Borume, E., J. The Treatment of 


Chronic Leg Ulcers 


The Lahey Clinic 
Bulletin, 4:242 


(1946) 

Bowers, WarNER F, Chlorophyll in Amer. i Surgery. 
Wound Healing and X XIIE:37 

Suppurative Disease (1947) 

Capy, Jos. B. and Treatment of Amer. J. Surgery. 
Morean, W. Chronic Ulcers LXXV:4 (1948) 


with Chlorophyll 





Jounson, Harotp M. Dermatologic Arch. Dermat. & 
evaluation... Syph. ee 348 (1948) 

Lanciey, W. D. and Chlorophyll in the Penn. Med. 
MorcGan, W. Ss. Treatment of Journal. Vol. 51; 
Dermatoses No. 1 (1948) 

Rarsky. Henry A. and Treatment of Intestinal ~ fone ent 
Kreicer, Cuarves I. iseases with sols. o » 15:549 
. 8. Chlorophyll (1948) 

NE W—Chloresium Dental Ointment and 


Tooth Paste now make chlorophyll therapy 
available for the treatment of Vincent’s infec- 
tions, gingivitis and other periodontal diseases. 








FREE—CLINICAL SAMPLES 


RYSTAN CO., INC, Dept. BS4. 

7 N. MacQuesten Pkwy., Mt. Vernon, N. Y. 

I want to try Chloresium on my most resistant case. 
Please send me, without obligation, clinical samples 
and complete literature. 





Dr. 





Address. 





Zone. State. 


City. 
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MARKS of INDIVIDUALITY 





THE CROSS SECTION of a tree trunk, a 
fingerprint, a snowflake — all have in- 
finite individual characteristics peculiar 
to one alone. 


And, because Nature intended that 
even each human should be a single 
entity — a surgical or orthopaedic ap- 
pliance must be applicable to one 
patient alone, fitted specifically for him. 


That’s why many in your profession 
have found 


STERDAM 
AM BROS. cE: 
The Label of Individuality 


in 


ORTHOPAEDIC AND SURGICAL APPLIANCES 





Mail orders promptly filled at 
150 EAST S3rd STREET « NEW YORK 22, N. Y. 





Fitting rooms at 


1060 Broad Street 198 Livingston Street ‘ 274 So. 20th Street ‘ 523 Erie Blvd. East 
Newark 2, N. J. Brooklyn 2, N. Y. Philadelphia 3, Pa. Syracuse 2, N. Y. 
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POLIOMYELITIS 


Papers and Discussions Presented at the 
First International Poliomyelitis Conference 


Compiled and Edited for the 
INTERNATIONAL POLIOMYELITIS CONGRESS 


360 Pages, 93 Illustrations, 1 Color Plate $5.0C 


Philadelphia London Montreal 
i. B. LiPPINGeGoeTT COMPANY 
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Flow Mosby Books 








IN TWO 
VOLUMES ON X-RAY 
Fer gages For the Technician 
(Goaretens ATLAS OF 
Size: 9 x 12” 
ae ROENTGENOGRAPHIC 
$30.00 


POSITIONS 


By VINITA MERRILL 
While Educational Director, Picker 
X-Ray Corporation 


EVERY KNOWN POSITION IS DESCRIBED AND 
ILLUSTRATED. INCLUDES PREPARATORY PROCEDURES FOR PRO- 
TECTION OF PATIENT AND TECHNICIAN—ENCASED IN ATTRACTIVE SLIP-COVER 


Electrical technic in the production of a fine radiograph has been developed to fine points. But what could be 
more important to diagnosis and successful prognosis than sure body-part positioning in X-Ray? 

For many years the need for a single source book on this vastly important subject has existed. Here, for the 
first time in American literature, is a beautiful set of books containing a complete assemblage of every known 
roentgenographic position — research on which includes the world’s literature. 

Many of the drawings appearing in them were prepared from actual anatomical specimens, from radiographs, 
or from related photographs. Where several similar positions for obtaining an identical projection have been recom- 
mended, the least complicated one has been selected for illustration. In many instances, however, several methods 
for obtaining similar projections are included. 


For the Clinician SEVENTH EDITION 


A DESCRIPTIVE ATLAS 
OF RADIOGRAPHS 


An Aid to Modern Clinical Methods 
By A. P. BERTWISTLE, M.B., Ch.B., F.R.C.S. Ed. 
(With Collaborators) 
622 Pages, 980 Illustrations. PRICE, $16.00 


The first edition of this remarkable atlas was first brought out in 1926. That it 
is now published in its Seventh Edition is proof of its value in actual clinical 
work, It is evidence of the evergrowing use of radiology in diagnostic clinical 
medicine. 

The practical use of this Atlas does not require any special technical knowl- 
edge once the basic principle of Radio-diagnosis is grasped — namely, X-rays 
penetrate different media to varying extents, thus shadows of different density 
are cast. 

The book is written by a clinician for clinicians — and the presentation of a 
number of plates with descriptions and clinical notes will enable the reader to 
realize which cases are suitable for this form of examination. Normal plates Revised | 
are on the left hand pages, so as to be readily compared with abnormal, on and 
the right. Enlarged 





Ssssce eee eee eee eS | Order form ® ® ® ee eeeeee eee ee ee ee 88 eee 8888" 


THE C. V. MOSBY COMPANY +. JB & JS 10-49 


3207 Washington Boulevard 
St. Louis 3, Missouri 





Please send me: 
O Merrill’s ATLAS OF ROENTGENOGRAPHIC POSITIONS 
In Two Volumes — $30.00 
© Bertwistle’s A DESCRIPTIVE ATLAS OF RADIOGRAPHS — $16.9 
© Enclosed find check. (1) Charge my account. 


oe (> PAKOLAAKLESLSLADEN ADRS CHEER ERIE Oeadeheekenaveneehins ‘ 


Address . . 
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EACH CAPSULE CONTAINS.. 





DARTHRONOL 


125,000,000 YEARS 


Through the ages arthritis has been a cause of 
pain, suffering and disability for countless mil- 
lions of humans and animals. Today, the Great 
Crippler still ranks first in prevalence among all 
chronic diseases. No sure cure has withstood 
the test of time. 


However, even advanced cases of arthritis 
are being helped by systemic rehabilitation. 
The return to gainful occupation of thousands 
of arthritic patients, who have taken Darthronol 
as part of a systemic rehabilitation regimen, is 
evidence of the efficacy of Darthronol in abolish- 
ing pain, diminishing soft tissue swelling and 
restoring useful function. The antiarthritic effects 
of massive dosage vitamin D—as established in 
thousands of cases—are enhanced when com- 
bined with the important nutritional influences 
of the eight other vitamins which are included 
in the Darthronol formula. 





A ROERIG PREPARATION 





FOR THE ARTHRITIC 


Vitamin D (Irradiated Ergosterol).. 50,000 U.S.P. Units 
Vitamin A (Fish-Liver Oil).........- 5,000 U.S.P. Units 


Vitamin C (Ascorbic Acid).......... 0so0secs Fa 
Vitamin B, (Thiamine Hydrochloride)........... 3 mg. 
Vitamin Bz (Riboflavin)...........ee0. TTT. 
Vitamin Bg (Pyridoxine Hydrochloride)........ 0.3 mg. 
Niacinamide......ccccccccccccccccccens -. 15 mg. 
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THE INFLUENCE OF THE CONTACT-COMPRESSION FACTOR ON 
OSTEOGENESIS IN SURGICAL FRACTURES * 


BY G. W. N. EGGERS, M.D., THOMAS O. SHINDLER, M.D., 
AND CHARLES M. POMERAT, PH.D., GALVESTON, TEXAS 


From the Department of Orthopaedic Surgery and the Department of Anatomy, 
University of Texas School of Medicine, Galveston 


The results of physical forces on osseous structures have been recorded for a long 
time by observers of morphological characteristics. That bone conforms architecturally 
to new stress and strain created by deformity and trauma was expressed in 1892 by Julius 
Wolff, who advanced the theory that every change in the form and function of a bone or 
in its function alone is followed by certain definite changes in its internal architecture 
and equally definite secondary alterations in its mathematical laws. The principle ex- 
pressed has since been known as Wolff’s law; but, because of the physiological variables, 
Wolff could never reduce the observation to mathematical accuracy!. 

Hugh Owen Thomas expressed his observations in 1883: “‘The presence of vitality 
in the body is a factor in aiding us to mechanically correct even mechanical defects; as 
eccentric forms, that cannot be altered in the dead body, without rupture or fracture, 
can, during life, be altered by mechanical influence, as time and physiological action will 
commode the part to the direction of the employed force.”’ 

In 1929, Fell and Robison showed, by explanting a segment of embryonic femoral 
cartilage, that the femur would develop on the same general lines as in the normal limb. 
Thus, the structures possess an inherent factor of configuration. 

These clinical observations and experimental findings are not in conflict and suggest 
that a bone, although inherently designed, may respond later with architectural changes. 

Gliicksmann, in 1938, showed an effect of compression in vitro; he subjected endos- 
teal cultures to pressure by placing them in intercostal muscle between two growing 
ribs. Oriented structures were produced in unoriented bone tissue. 

To determine the influence of a compression force in osseous repair and to test its 
consistency were the purposes of the experimental work to be presented. To create a con- 
trolled investigative condition which involves so many physiological variables presented 
almost insurmountable difficulties. Study was made of the femora and tibiae in dogs and 
in rats, but the data were discarded since accurate controls could not be instituted. 

The problem of securing living bone free from compression, tension, or muscular 
influences, yet adequate for the application of experimental devices to produce a con- 
trollable artificial force, was resolved by the selection of the parietal bone of adult rats. 
It was considered that this selection would provide a highly critical test of the hypothesis 
suggested, since membrane bone is notably poor in its osteogenetic response’. 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1949. 
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TECHNIQUE 


The experimental operative procedures were performed under inhalation ether an- 
aesthesia with three instrument-sterilization techniques,—that is, without antisepsis, with 
alcohol antisepsis, and with heat antisepsis. After longitudinal incision of the skin and 
superficial fascia over the middle of the skull of mature white rats, the procedure consisted 
in making a three-sided flap in the left parietal bone (Fig. 1) with a rotary saw, 150 micra 
thick and 1.38 centimeters in diameter. One cut was made parallel to the sagittal suture, 
another 2 to 3 millimeters lateral to this, and a third connecting the two anteriorly. The 
flap with its periosteum and blood supply remained attached behind, providing a point 
of fixed anchorage. 

In the application of lateral com- 
pression, a small hole was drilled in 
the flap anteromedially and another 
laterally at the same level through 
the left temporal bone, after the tem- 
poral muscle had been reflected. 
Cotton thread (No. 8), put through 
these holes extradurally and extra- 
cranially, was tied tightly so that the 
bone flap turned slightly laterally, 
approximating with some compres- 
sion the bony margins of the lateral 
cut and leaving the margins of the 
medial cut separated by not more 
than 300 micra at the anterior pole. 
The skin and superficial fascia were 
closed with interrupted cotton sutures. 

In the application of medial 
compression, the three-sided flap was 
made in a similar manner, but a hole 
was drilled in the anterolateral aspect 
of the flap and the corresponding 
| drill hole was made in the right tem- 
poral bone. A small stainless-steel 
; wire hook was placed into each of 
Nye these two holes, and the two hooks 
\ \\ > y) |] were connected with a rubber band 




















under tension (Fig. 2). The skin and 
Di a ice it teiilaeniiaadh aii superficial fascia were closed over this 
iagrammatic representation of longitudinal and trans- —, a ore ‘nts of 
verse muscular compression forces on a long bone. appliance. By varying the points of 
Fig. 5-A: Muscle tone exerts a more or less constant the drill holes in the bone flap and the 


Fia. 5-A Fig. 5-B 


factor. . : 
Fig. 5-B: Voluntary contraction increases the transverse corresponding ones in the temporal 
and longitudinal compression factor. bones, the distribution of the total 


force applied could be varied (Fig. 3). 
At intervals following the operation, the animals were sacrificed; the appliances were 
removed; and the entire flat surface of the calvarium of each rat was excised circularly and 
placed in 10 per cent. Zenker-formalin solution, followed by decalcification in 2 per cent. 
hydrochloric acid and embedding in paraffin. The skull of each animal was serially cross- 
sectioned from behind forward (Fig. 4), making a combined total of more than 12,000 
sections which were observed after staining with hematoxylin and eosin. 
“ighteen animals were successfully operated upon in this experiment. This included 
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Fia. 6 


Osteogenesis of endochondral bone in femur of an adult rat (X 150). 


thirteen in which the contact-compression factor was applied and five in which it was 
omitted. Sections from ten animals are included in the illustrations. Of the eleven animals 
in which the contact-compression factor was applied and which were sacrificed after the 
fifteenth postoperative day, ten showed a favorable response to the force applied. None of 
the animals not subjected to the contact-compression factor showed any significant 
osteogenetic activity. 


Discussion of Technique 

Each specimen of animal skull presented a field of study in which there was an area 
of static flap control (Fig. 4,12); a movable flap, to the margin of which the contact- 
compression factor could be applied (Fig. 4,/ to 77); the opposite, non-compressed control 
flap margin; and an undisturbed skull margin (Fig. 4, arrow). 

The experimental technique described furnished material which was placed under 
mechanical stress, applied on a margin of choice. One free margin of the bone flap was 
compressed anteriorly; but, proceeding posteriorly, the degree of compression decreased, 
and finally there was no contact at all. Thus, material with contact and compression, with 
contact and excessive pressure, and with compression and no contact could be observed. 

Since it was not possible experimentally to ensure contact without some compression, 
and since it was shown in these experiments that compression could be produced without 
This factor is, 


, 


contact, the authors selected the term ‘contact-compression factor’’. 
therefore, the combination of contact and the force to promote contact, exerted on bone 
structures for which osseous union or osteogenesis is desired. 

The contact-compression factor is constantly considered in the work on osseous struc- 
tures with which surgeons and orthopaedic workers are associated. In dealing with these 
problems, the factor is unwittingly utilized, purposely violated, or surgically created. It is 
reasonable to assume that contact demands compression to.some degree. It is also possible 


VOL, 31-A, NO, 4, OCTOBER 1949 








698 G. W. N. EGGERS, T. 0. SHINDLER, AND C. M. POMERAT 


that a compression force may be exerted throughout a bony structure without contact of 
the affected margin. 

The contact-compression factor consists of two parts: (1) contact of surfaces under 
compression; and (2) the compression force, endeavoring to bring into actual contact 
fracture surfaces which are only opposed. In a fracture the compression may consist of 
either of two forces,—internal or external; each is exerted on the fracture surfaces. 

The internal force is physiological and is created by the muscles. The force is com- 
posed of two parts,—the muscle tone and voluntary muscle contraction. The muscular 
forces are effective in many planes, as in the vertebrae or pelvis; but two directions, the 
longitudinal and transverse, are more dominant as applied to long bones. The transverse 
pressure is exerted by the mass of the muscle structure, especially in the voluntary con- 
traction which increases the diameter of the muscle (Figs. 5-A and 5-B). This is particu- 
larly effective, because of the fact that the musculature is practically always contained 
within a fascial sheath of some type or degree. The longitudinal force is due to muscle 
tone and is greatly influenced by muscle contractions. The certain fact of all muscular 
forces is that they are variable in proportion to the muscular activity. 

The external contact-compression force is due to non-physiological forces, such as 
gravity, weight-bearing, and surgical methods, which may follow an anatomical pattern. 

Fracture reduction of opposing surfaces results in partial contact and much approxi- 
mation. Surgical procedures, such as arthrodesis and grafting of bone, cannot be expected 
to furnish perfect contact, but present a relatively large surface approximation. Thus, the 
securing of bony union or osteogenesis is dependent on the osteogenetic effort of the 
involved bone surfaces. As indicated in these experiments, the influence of the contact- 
compression factor is clinically important? * © 8, 


RESULTS 


In the interpretation of the experimental findings, the authors were aware of many 














Fia. 7-A 


Area 12, sixteen days (X 40). No contact-compression factor was applied to this area of flap. No 
effort at union of fracture margins is evident. (This is the control area of Figs. 8-A, 8-B, and 8-C.) 
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Fie. 7-B 
Lateral cut (X 150). There is no purposeful osteogenesis for union. 








Fie. 7-C 
Medial cut (X 150). There is no purposeful osteogenesis for union. 


conditions affecting osteogenesis and, without altering or analyzing them, have attempted 
to keep the physiology of experimental fields of the control and of the affected part vir- 
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tually identical by conducting both in the same animal within a limited transverse physical 
space of about 2,500 micra. Thus, in the experiments, the control margin can be seen 
simultaneously in the low-power microscopic field with the experimental margin of the 
bone studied. It is reasonable to assume that no great physiological variation would be 
present in such close proximity. 

















Fig. 8-A 
Area 11, sixteen days. Medial contact-compression factor was applied. There is osteogenetic activity 
of medial margin (X 40). 








Fia. 8-B 


Lateral cut (X 150). Fibrous tissue is present in fracture interval. 
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Fie. 8-C 
_ Showing osteogenesis of membranous bone in adult rat. Medial cut (X 150). Osteogenetic activity, 
fragmentation, and osteoblastic invasion of reticular network may be noted. The osteogenetic activity 
is identical with that in Fig. 6. 

The basic osteogenesis of bone is the same in membranous and endochondral bone 

(Figs. 6 and 8-C). Each presents primarily a reticulo-collagenous network, followed by 

















Fia. 9-A 
Area 7, sixteen days. Medial contact-compression factor was applied. Section made through edge of 
compression hole (X 40). Note pressure necrosis due to excess pressure on lateral margin. Osseous 
activity occurs on medial side. 
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osteoblastic invasion and deposition of calcium ~'ts. Cartilage may be seen in mem- 
branous as well as endochondral bone, as obsc i by Pritchard. 
The figures of the microscopic studies are 0: :..ed so that uniformly the lateral border 








Fie. 9-B 
Lateral cut (X 150). Lateral flap margin shows necrosis and fragmentation. 











Fia. 9-C 


Medial cut (X 150). There is active osteogenesis in both margins of fracture interval. 
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of the skull flap is on the reader's left, the medial side on the right, the cutaneous portion 
at the top, and the dural surface below. The gap due to the saw cut is usually obvious, 
and each section is shown in a low-power (X 40) and a higher-power magnification 
(X 150) of each surgical fracture. The age in days of each section indicates the number of 
days after operation at which the animal was sacrificed. The area number indicates the 
position on the bone flap from which that section was taken (Fig. 4). 











Fia. 10-A 


Area 6, seventeen days (X 40). Lateral contact-compression factor was applied. Contrast the osseous 
union on lateral aspect with fibrous tissue in fracture gap on medial side. 








Fie. 10-B 
Lateral cut (X 150). Showing union of lateral margin. 
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Fie. 10-C 
Medial cut (X 150). There is fibrosis and no union of medial fracture margin. 





Of eighteen animals employed in this experiment, the results in all those sacrificed 
on the sixteenth day or later are reported. Those sacrificed previous to the sixteenth post- 
operative day showed little or no osteogenetic activity. 

Area 12, Sixteen Days: There was medial compression of the flap, but no contact- 
compression factor was applied to this portion. A bone flap was prepared according to the 
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Fia. 11-A 


Area 8, seventeen days (X 40). Lateral contact-compression factor was applied. Infection occurred; 
note necrosis and inflammatory cells. New-bone formation has occurred on lateral margin. 
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Fia. 11-B 


Lateral cut (X 150). There is osseous activity on side of contact-compression factor in infected area. 
Saw-cut margin is seen on left. 





f, 





Fig. 11-C 
Medial cut (X 150). Showing necrosis of bone and inflammatory cells on medial side. There is no 
attempt at union. 
routine technique, but no pressure was applied to the control flap margins (Area 12). These 
remain relatively passive with no invasion of the fracture interval, although there is some 
surface activity (Figs. 7-A, 7-B, and 7-C). This is the control area of the experimental 
animal shown in Figures 8-A, 8-B, and 8-C. 
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Area 11, Sixteen Days: The contact-compression factor was applied to the medial side. 
The lateral (control) margin presents no effort at union. The medial side shows the forma- 
tion of new bone, with simultaneous resorption of devitalized bone along the fracture 
margins and the typical reticulo-collagenous matrix (Figs. 8-A, 8-B, and 8-C). 

Area 7, Sixteen Days: The medial contact-compression factor was applied. This sec- 
tion was made through the edge of the drill hole in which the small metal hook was placed. 
Under excessive pressure, this lateral area of the flap shows some necrosis and little osteo- 
genesis. The medial fracture margins show marked osseous activity, both sides having 
received the benefit of the contact-compression factor (Figs. 9-A, 9-B, and 9-C). 

Area 6, Seventeen Days: The lateral contact-compression factor was applied. The 











Fig. 12-A 


Area 8, twenty days (X 40). Lateral contact-compression factor was applied. 











Fig. 12-B 
Lateral cut (X 150). Showing osteogenesis and union. 
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Fig. 12-C 
Medial cut (X 150). There is no effort at marginal union. 


fracture lines are well defined, and there is marked new-bone invasion with activity in the 
diploe and union on the lateral margin. There is no effort at repair of the fracture gap 
on the medial side (Figs. 10-A, 10-B, and 10-C). 

Area 8, Seventeen Days: Lateral application of the contact-compression factor has 
been made (Fig. 11-A). This section was included because the animal was grossly infected. 
The marked destruction of bone and the associated bone activity are clear. Again, the 
important fact is that, in the presence of infection, osteogenetic activity is greater on the 
side (lateral) receiving the contact-compression factor. The medial side shows only marked 
bone necrosis and resorption (Figs. 11-B and 11-C). 











Fia. 13-A 


Area 9, twenty days (X 40). Lateral contact-compression factor was applied. Union is active on 
lateral margin; fibrosis is present in medial gap. 


VOL, 31-A, NO. 4, OCTOBER 1949 








708 G. W. N. EGGERS, T. 0. SHINDLER, AND C. M. POMERAT 

















Fic. 13-B 


Lateral cut (X 150). The osteogenetic activity on the compression side is impressive. 











Fig. 13-C 
Medial cut (X 150). Compare with Fig. 13-B. 


Area 8, Twenty Days: The lateral contact-compression factor was applied (Fig. 12-A). 
The medial side shows no union, although the separation of the fracture margins is accen- 
tuated by retraction during fixation. The lateral margin is uniting, and the osteogenetic 
activity is well shown (Figs. 12-B and 12-C). 
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Area 9, Twenty Days: The lateral contact-compression factor was applied (Fig. 13-A). 
The osseous activity is evident on the lateral aspect, but is lacking on the medial (control) 
side. New bone is noted between the diploe, and early osteogenesis is seen between the 
fracture ends on the lateral border under the high-power magnification (Figs. 13-B and 
13-C). 

Area 8, Twenty-eight Days: The medial contact-compression factor was applied. The 
basic findings are repeated. Here the response is less complete, but the principle of reaction 
to pressure is constant (Fig. 14-A). This section is interesting because of the osseous 














iia. 14-A 


Area 8, twenty-eight days (X 40). There was medial compression; saw cut was oblique on medial 
side. Some pressor effect was prebably lost, which may explain why union is not complete on medial side. 








1c Fia. 14-B 


Lateral cut (X 150). There is no union of lateral fracture margins. 
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Fie. 14-C 
Medial cut (X 150). Osteogenesis is active, especially on compressed margin. There is an effort at 
gap closure by medial margin of flap. 


activity on the cutaneous side of the lateral skull margin, in contrast to the lateral aspect 
of the flap. Even though there was osseous activity (positional osteogenesis), the contact- 
compression factor was absent, and purposeful bony effort to bridge the lateral fracture 
gap is consequently lacking. The lateral flap margin is under no mechanical pressure and 
is totally inactive (Figs. 14-B and 14-C). 

Area 9, Thirty-nine Days: The medial contact-compression factor has been applied. 
This section presents osseous activity on the medial side with union; the lateral border 


is ununited. Actual contact of the fracture margins is not present, but the margins are 














Fig, 15-A 
Area 9, thirty-nine days (X 40). Medial contact-compression factor was applied. Osseous union 
has occurred on medial side; there is non-union of lateral margin. 
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ia. 15-B 


Lateral cut (X 150). There is non-union. Osteogenesis is present, with no purposeful effort to fill 
the fracture interval from the lateral skull margin. 




















Fig. 15-C 


Medial cut (X 150). Showing osseous union of approximated margins. 


approximated. However, the osteogenesis proceeds across the fracture gap on the side of 
compression, but not on the non-compressed margin (Figs. 15-A, 15-B, and 15-C). This is 
significant. 

Area 10, Forty-six Days: No contact-compression factor was applied. The contrast 
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eR 


with preceding illustrations is impressive. The lateral fracture line presents an absence of 
osteoblastic activity, and the medial side shows only fibrotic organization (Figs. 16-A, 
16-B, and 16-C). 

Area 9, Ninety-four Days: No contact-compression factor was applied. Both margins 
of the flap are ununited. There is some osseous activity, but no union of either fracture 























Fie. 16-A 


Area 10, forty-six days (X 40). No contact-compression factor was applied. 
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Fig. 16-B 


Lateral cut (X 150). There is absence of osteoblastic activity. 
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Fie. 16-C 
i Medial cut (X 150). Medial side shows only fibrotic organization. 


margin (Figs. 17-A, 17-B, and 17-C). The significance of this ninety-four-day section with 
non-union is impressive, and becomes more so when contrasted with the seventeen-day 
sections on the side of the flap to which the contact-compression factor was applied and 
with the osteogenesis and union that followed. 


COMMENT 

] The consistency of the findings throughout the experiments convinced the authors 
that the contact-compression factor was the only reasonable variable in the investigation. 
Union could be secured on either the medial or lateral aspect of the bone flap by choosing 
merely the side to unite and then applying the contact-compression factor to that side. 
If no union was desired, the flap was cut, and the contact-compression factor was not 
applied. Certainly, it seems reasonable to conclude that the contact-compression factor is 
important in stimulating osteogenesis and securing osseous union of fracture surfaces. 
The consistency and persistence of the same findings become impressive as one examines 
section after section, hundreds or more, and the findings are found to have been repeated 
in the same orderly fashion. This response of bone to the contact-compression factor can 
be utilized to clinical advantage. 

The margins which received excessive pressure and contact became necrosed with a 
delay in osteogenesis; the margins under a more ideal pressure and contact had excellent 
osteogenetic activity; and the approximated margins with pressure applied made a deter- 
mined osseous effort to bridge the intervening fracture gap. The serial sections clearly 
show the reaction to the varying pressure. Thus, the contact-compression factor with too 
much force caused necrosis; when absent, there was no osteogenetic response. These find- 
ings have convinced the authors that the optimal pressure is somewhere within the 
physiological limits of the force exerted by the musculature of the individual concerned. 


SUMMARY 


Experimentally, the authors produced union and purposeful osteogenesis in surgical 
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fractures in the area selected by applying the contact-compression factor alone. The 
microscopic sections are the factual evidence of this accomplishment. 









Lge 








Fig. 17-A 


Area 9, ninety-four days (X 40). No contact-compression factor was applied. There is non-union of 
medial and lateral margins. 














Lateral cut (X 150). Lateral fracture margins are not united. 
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Fig. 17-C 
Medial cut (X 150). Medial fracture margins are not united. 


CONCLUSIONS 

1. The contact-compression factor should incorporate compression forces in physio- 
logical muscle balance. 

2. The presence of the contact-compression factor favorably influences purposeful 
osteogenesis and fracture union. Its absence fails to stimulate, but does not prevent, 
osteogenesis. 

3. The presence of infection in the fracture site does not alter the tendency for 
osteogenesis to be more active in the area upon which the contact-compression factor is 
exerted. 

4. Excessive pressure causes necrosis of the compressed bone, and lack of pressure 
fails to stimulate osteogenesis. The most advantageous compression force on the fracture 
surfaces apparently is mid-way between the extremes, and probably is exerted by the 
physiological forces of the musculature of the parts involved, to which the osseous struc- 
tures are adjusted. 


Note: The authors wish to express their appreciation to the United States Army Medical Library; 
United States Naval Research Grant (Ne-onr-266); Medical Library, Department of Medical Illustration, 
and Miss Estelle Greenwalt, University of Texas School of Medicine. 
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DISCUSSION 

Dr. Hucu Smirx, Mempuis, TENNESSEE: Dr. Eggers’ thought-provoking paper is representative of 
the type of work in which orthopaedic surgeons must engage in the future,—namely, physiological and patho- 
logical investigation of the fundamental processes of orthopaedic phenomena. The possibilities in clinical 
research, new surgical techniques, or mechanical appliances have not been exhausted, but the field is pro- 
gressively narrowing. Rather than embark upon clinical studies alone, we must now turn to more basic re- 
search for original ideas. 

From a purely clinical standpoint—and I have only clinical experience upon which to base my discus- 
sion—I believe that Dr. Eggers’ thesis is correct: that contact-compression is one of the major mechanical 
factors in bone healing, and that clinical data substantiate his observations. 

To a person believing in the necessity for absolutely rigid fixation of fractures, the success of the hanging- 
cast method of treating fractures of the humerus was somewhat disconcerting, and required a complete 
about-face in some of the fundamental beliefs in regard to bone healing. It would seem that, provided sheer- 
ing forces are eliminated, a slight amount of motion or laxity of healing bone surfaces is desirable. However, 
both excessive motion and absolute rigidity should apparently be avoided. 

Dr. Eggers’ conclusions are most interesting and stimulating, and represent, I believe, a step in the 
right direction. My ideas of bone healing must again be altered. We have all been aware that diastasis ad- 
versely affects healing, and that apposition and contact are desirable. Other than as a means of maintaining 
contact, the effects of compression on osteogenesis have not been fully appreciated or generally accepted. 
As Dr. Eggers so aptly puts it, “this factor has been unwittingly utilized, purposely violated, or surgically 
created’’. I think it is natural that we should not accept this, or perhaps have a little reticence in accepting 
this contact-compression factor, since we are well aware that excessive compression is responsible for necro- 
sis or osteoclasis. Dr. Eggers’ findings show that there is much to be learned in regard to optimal mechanical 
conditions for the healing of bones. Certainly, there must be a common meeting ground for the various con- 
cepts of immobilization, positive pressure, or contact-compression. 

If the optimum amount of pressure can be determined and controlled, the more widespread adop- 
tion of intramedullary pins, particularly for the femur, slotted plates, or various other mechanical appliances 
which take advantage of this contact-compression factor would seem logical. 


Dr. Epwarp L. Comprere, Cuicaco, ILuinots: This paper by Dr. Eggers is both interesting and in- 
structive. The method of this controlled investigation is exceedingly ingenious and the results appear to be 
incontrovertibly accurate. 

Although this work has been done on bones which are preformed as membrane, while most fractures 
which the orthopaedic surgeon treats are in bones which are preformed in cartilage, Eggers states (and the 
experimental evidence seems to support his thesis) that the healing of fractures is identical in both membra- 
nous bone and in bone which has its origin in cartilage. The experiments described here confirm the opinions 
expressed by Charnley in 1948 and by Eggers in the same year, in an article dealing with clinical cases, — 
namely, that moderate compression aids the healing of fractures and hastens the processes of bone repair 
and osseous unicn in arthrodesis operations. 

It. is important that the clinician keep in mind the lessons which have been retaught by Dr. Eggers, 
that compression without bone contact, such as that created by metal against bone, causes absorption. 
Marked compression-contact between two bones or between fragments of the same bone will produce 
necrosis. The well-established principle is still ignored by men lacking adequate training or the understand- 
ing of orthopaedic principles,—that distraction, even though contact may be retained, will delay the healing 
of fractures; and that distraction with loss of contact may lead to non-union. 

In 1938, I carried out some experiments at the University of Chicago, in which I removed bone from 
the fibulae of dogs, trephined the calvarium in the same area as did Dr. Eggers, and switched the two bones, 
putting the fragment of fibula into the calvarium defect and bone of the calvarium into the defect created 
in the fibula. The skull bone united to the fibula, while the bone from the fibula, which had no pressure fac- 
tor holding it into position in the calvarium, was slow to form even fibrous union. 

The obvious conclusion from these experimental studies of Dr. Eggers, supported as they are by clinical 
experience, would be that minimal compression-contact creates the ideal situation for the most rapid healing 
of fractures or the obtaining of fusion following arthrodesis operations. The ideal compression forces are 
those created by the muscles themselves, as they envelop the bones of the extremities. 
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THE TRUMBLE OPERATION FOR FUSION OF THE HIP * 


BY GEORGE W. VAN GORDER, M.D., BOSTON, MASSACHUSETTS 


From the Lakeville State Sanatorium, Middleboro, Massachusetts 


Numerous methods of performing extra-articular fusion of the hip joint are recorded 
in the literature, and among these is one which the writer believes should be more widely 


recognized. It is an ischiofemoral type of ar- 
throdesis, advocated in 1932 by Hugh C. Trum- 
ble of Melbourne, Australia. This operation is 
especially suitable in cases of tuberculosis of the 
hip, where the disease is located in the superior 
portion of the acetabulum and the ilium, as well 
as in the joint proper, and where an iliofemoral 
arthrodesis would not only have little chance of 
success, but might produce irreparable harm. 
Historically, it is of interest that, in 1931, 
Galland quoted Calvé as predicting that the 
time would come when the tuberculous hip 
joint would be fused successfully by the con- 
struction of a buttress on the adductor side of 
the joint. Curiously enough, one year later, this 
is exactly what Trumble succeeded in accom- 
plishing when he devised his ischiofemoral fu- 
sion operation. The principle of the operation is 
to establish a bridge of bone between the 
ischium and the femur, just below the hip joint, 
in an operative field which is supposedly free 
from tuberculous contamination (Fig. 1). With 
fusion of this bony bridge, which is promoted by 
the action of the adductor muscles of the thigh, 
strain is taken away from the diseased joint and 
healing of the tuberculous process is encouraged. 
A description of the operation follows: 


PREOPERATIVE PREPARATION 

Several days before the operation, the pa- 
tient has a one and one-half spica cast applied, 
with the diseased hip held in the proper position 
for fusion and a dummy dressing placed over 
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Schematic representation of the 
Trumble operation. (Reproduced, by 
sion, from article by H. C. Trumble 
tralian and New Zealand Journal of 
1: 417, 1932.) 


the operative field. The cast is bivalved the following day, in such a way as to 
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adequate exposure of the operative field when the posterior half is removed (Fig. 2). Be- 
‘ause the anterior half must necessarily be narrowed considerably in the region of the 
groin, a steel bar should be incorporated in this portion of the cast for strength. Both 
halves are lined with stockinette and allowed to dry thoroughly. 

The day before the operation, the affected limb is prepared for surgery. The previously 
constructed bivalved plaster cast is applied over the sterile toweling and is worn, in order 
to be sure that the cast is comfortable. 

* Read at the Annual Meeting of The American Orthopaedic Association, Colorado Springs, Colorado, 
May 18, 1949. 
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Fig. 3-B 
Insertion of graft into ischium. Inset shows graft countersunk into femoral mortise; bone block is 
being replaced. 
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Fig. 3-C Fig. 3-D 


Graft has been secured in position. Cross section shows fixation of graft. 
THE OPERATION 


With the patient lying face down in the anterior half of the plaster shell on the operat- 
ing table, an incision is started at the tip of the greater trochanter and is carried down- 
ward and medially to a point one inch below the gluteal fold in the mid-line (Fig. 2). The 
incision is deepened through the fascia lata to expose the trochanteric bursa in the upper 
portion of the wound and, a little below this, the osseous insertion of the glutaeus maxi- 
mus. The latter structure is most easily identified by placing the finger under the fascial 
insertion of the glutaeus maximus in the upper portion of the wound and dissecting distally 
for a short distance; the osseous insertion can be felt readily, attached to the posterior 
surface of the femur. Once this has been located, it is completely isolated by passing any 
long curved instrument behind it. The osseous insertion is then divided, about one-half 
inch from the bone, to allow for future suturing; the division is best made between clamps 
so as to control bleeding. 

When the muscle insertion has been divided, it is quite easy to elevate the remaining 
portion of the glutaeus maximus from the underlying soft parts by simply deepening the 
lower limb of the incision. Caution should be observed in doing this, however, because the 
posterior femoral cutaneous nerve (lesser sciatic nerve) lies rather superficially, as it 
emerges from beneath the glutaeus maximus in the mid-line, and careless or deep dissec- 
tion at the extreme lower end of the wound might injure it. 

The whole flap, consisting of skin, subcutaneous tissue, deep fascia, and glutaeus 
maximus, is rolled upward and medially, bringing into view the sciatic nerve. The nerve 
should be clearly identified before proceeding further, but it should not be dissected from 
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Fia. 4 


Case 1 (A.G.), four and one-half years after Trumble operation. Note the marked hypertrophy 
of the tibial graft. Patient is well and free from symptoms; the sinus has remained healed. The right 
sacro-iliac joint had been fused for tuberculosis, one year prior to the hip fusion. 


its surrounding soft parts, or handled in any way other than to be gently and carefully 
retracted along with the glutaeus maximus. No attempt is made to separate the posterior 
femoral cutaneous nerve from the sciatic nerve, and both are carried on the deep surface 
of the glutaeus maximus while it is being drawn toward the mid-line during the remainder 
of the operation. 

The operator then palpates the tuberosity of the ischium and divides the fascial and 
periosteal layers overlying it, to expose the bone subperiosteally. After this has been done, 
a measurement is taken with a ruler or caliper to determine the required length of the 
tibial graft, as follows: The distance between the ischium and the lateral edge of the femur 
at the desired angle is noted, and to this measurement is added an inch and a half, which 
will represent the amount of penetration of the graft into the ischium. After the proper 
length has been obtained, the hip wound is covered with a sterile towel and the tibia is 
exposed. 

By flexing the knee of the limb which is being operated upon, the anterior surface of 
the tibia is brought into view, and from this area a full-thickness cortical graft is removed 
with an electric saw. This graft should be the width of the entire anteromedial surface of 
the upper end of the tibia. Its length, as just mentioned, should be one and one-half inches 
longer than the measured distance between the ischial tuberosity and the lateral edge of 
the femur; and its thickness should comprise endosteal bone from the marrow cavity, as 
well as the heavy cortical bone layer with its periosteum. The narrow end of the graft is 
sharpened after removal, so that it may be driven more readily into the substance of the 
ischium. 

The leg wound is closed by an assistani, while the operator arranges for placement of 
the graft. A window or slot is cut in the exposed cortex of the ischium; as this is done, the 
blade of the osteotome should be flat against the shaft of the femur, so as to ensure that 
the graft will lie in the proper plane and fit accurately when driven into the substance of 
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the ischium. The size of the ischial window (usually one inch by one-quarter of an inch) 
should correspond to the width and thickness of the tibial graft. After the window has 
been cut, an osteotome is driven through the opening to the opposite cortex and levered 
up and down several times to facilitate penetration of the graft. The sharpened end of the 
graft must fit snugly into the window of the ischium and, at the same time, its rough, 
cancellous surface must lie flat against the posterior surface of the femur, at the desired 
angle. The graft thus being used as a marker, a block of bone is cut from the posteromedial 
portion of the femur, after the overlying soft parts have been excised or retracted out of 
the way. The depth or thickness of this block of bone is about one-half the diameter of the 
femur, and care is taken not to have it include the lateral femoral cortex, which should 
remain intact. The block is outlined with a sharp osteotome and removed as one solid 
piece of bone, to be saved for future use. 

The ischium and the femur have thus been prepared for the introduction of the tibial 
graft (Fig. 3-A). A slot has been cut in the ischium to receive the sharpened end of the 
graft, and a mortise has been prepared in the femur, into which the blunt end of the graft 
is to fit. It remains only to drive the graft into the substance of the ischium to a point 
which will allow its broad, blunt end to fit into the femoral mortise (Fig. 3-B). After this 
has been accomplished, the lateral end of the graft is countersunk into the mid-portion of 
the femur; the block of bone previously removed is placed on top of it (Fig. 3-B, inset) and 
held securely by a stainless-steel screw, which penetrates the bone block, graft, and deep 
femoral cortex, locking them together (Figs. 3-C and 3-D). 

After the graft has been securely embedded, the retracted gluteal-muscle flap is 
released and the soft parts automatically fall back into anatomical position, with the 





Fia. 5 


Case 2 (M.L.), three years after Trumble operation. The first operation to fuse the right hip by 
an iliofemoral arthrodesis, in January 1946, was discontinued because of an acute tuberculous 
process with abscess in the superior acetabular region of the ilium. Five months later, a Trumble 
ischiofemoral fusion was performed. At the present time, the patient is in excellent health, is 
symptom-free, and her hip sinus has remained closed for three years. Note that the graft has become 
firmly integrated into the bony structure of the hip. The patient’s lumbar spine had been fused five 
years prior to hip fusion. 
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Fie. 6 
Case 3 (C.D.), two years and ten months after Trumble operation. The tibial graft has become 
hypertrophied, and there is solid bony union of graft and hip joint. Two sinuses have remained 
healed since four months before operation. The patient is active and well. 
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Case 4 (A.D.), two years and seven months after Trumble operation. Note that there is firm bony 
union between femur and ischium. The patient is active and well, and all of his sinuses are closed. 
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Case 5 (W.F.), two years and six months after Trumble operation. An error in diagnosis was made 
in 1942, when a cup arthroplasty was performed. The operation was unsuccessful and the cup was 
removed. A diagnosis of tuberculosis was established, and iliofemoral fusion was attempted in 1943. 
The fusion was not successful. A second attempt at iliofemoral fusion was made in 1944; this also 
failed and three sinuses developed. The patient was then sent to Lakeville State Sanatorium, where 
a Trumble ischiofemoral arthrodesis was performed in November 1946. Note that graft has become 
hypertrophied and that the hip joint has fused. During her convalescence, a tuberculous lesion was 
discovered in the patient’s spine and a spine fusion was carried out succ essfully. At present, she is 
active and well and her three tuberculous sinuses have remained healed. 


sciatic nerve and the posterior femoral cutaneous nerve lying superficial to the smooth 
cortical surface of the tibial graft. The previously divided glutaeus maximus insertion is 
next sutured, and the wound is closed in the usual way. 

The posterior half of the plaster cast is then placed over the sterile dressings on both 
leg and hip and is attached securely to the anterior portion, in which the patient has been 
lying during the operation. 


MODIFICATIONS OF THE TRUMBLE TECHNIQUE 


The foregoing description of the operation differs in a few minor respects from that 
originally given by Trumble. For instance, he uses a posterior plaster shell for external 
fixation instead of a one and one-half spica cast. Also, he anchors the tibial graft into the 
femur by a trap-door method (Fig. 1), as contrasted with the metallic screw fixation 
which the author prefers, because it is much simpler and more secure (Figs. 3-C and 3-D). 
Trumble also separated the posterior femoral cutaneous nerve from the sciatic nerve and 
placed them on opposite sides of a curved tibial graft. This procedure has not been tried 
in the present series of cases; these nerves were carefully left undisturbed, except for 
gentle retraction under the glutaeus maximus. Moreover, the tibial graft was a straight 
one, instead of curved. 

Finally, the sound limb, as a rule, was selected by Trumble to supply his tibial graft, 
whereas the writer has felt that it is unwise to involve the sound leg, unless absolutely 
necessary. Sometimes, because of a marked decrease in size of the affected limb or the 
presence of local disease, the sound side will provide a healthier and larger tibial graft. 
In such instances, of course, the good leg should be used. 
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TABLE I 


Summary oF Data IN SEVEN PATIENTS 





| Recumbency | 
| | ° | 
| Age | Duration | after 
Case | Pa- | and of Operation Follow-up 
No. | tient | Sex Disease Associated Lesions (Months) Duration Results 
l A.G. 43 | 2yrs., Tuberculosis of right sacro-iliac 6 4 yrs., Fusion 
F. 9 mos. joint; sinus in right upper thigh 6 mos. 
2 M.L. 38 2 vrs., Tuberculosis of spine; pulmonary 6 3 yrs. Fusion 
F. 6 mos. tuberculosis; lateral hip sinus 
3 C.D. 17 | 3 yrs., | Two sinuses in groin 6 | 2 yrs., Fusion 
F. | 5mos. | | | 10 mos. 
| | Ms , =a ‘ an =F 
1 A.D. | 15 | 7 yrs., | Three sinuses,—lateral portion of | 6 | 2 yra., Fusion 
M. 5 mos. | hip, abdomen, and groin | 7 mos. 
5 W.F.| 24 5 yrs., Tuberculosis of spine; three si- 13 2 yrs., Fusion 
F. 2 mos. nuses in lateral portion of hip 6 mos. 
6 L.D. | 32 | 3 yrs., Sacro-iliac and pulmonary tuber- 8 lL yr: Fusion 
M. 4 mos. culosis; three sinuses in ante- 7 mos. 
rior, medial, and lateral por- 
tions of thigh 
7 E.N.| 41 1 yr., Pulmonary caleaneal nodes; sinus 6 1 yr. Fusion 


M. 7 mos. in lateral portion of hip 


DISCUSSION 

There are three or possibly four contra-indications to the Trumble operation, which 
are self-evident: 

1. When marked deformity of the hip exists, resulting in a wide separation of the 
ischium and femur; 

2. When active disease is present in the ischium or the subtrochanteric region ; 

3. When draining sinuses are present in the posterior portion of the hip and thus 
contaminate the operative field. 

4. Another possible contra-indication may be when the head of the femur is dislocated 
or has no firm contact with the acetabulum or ilium. 

It should be remembered that this operation is applicable only for hip joints that 
preoperatively are in a proper position for fusion and weight-bearing. It is in no sense a 
procedure to correct deformity, but is intended only to fuse and consolidate the bone 
structures in the position where they already are. 

During the time that the author has been employing the Trumble operation for 
tuberculosis of the hip, many questions have arisen, such as: 

1. Can the operation be done at an early stage of the disease while the condition is 
still acute, thus preventing the possibility of excursion of the femoral head or neck upward 
on the blade of the ilium? 

2. Now that streptomycin is available, need. one wait for subsidence of acute symp- 
toms before carrying out this type of surgery? 

3. For how long a period of time is external immobilization necessary following the 
Trumble operation? How much protection is actually required after operation? When 
should weight-bearing be started? 
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4. Does the diseased area of the hip joint, per se, heal or fuse after this operation? If 

so, how long does it usually take? 

How important is the angle at which the graft is placed? Does this influence the 

F time of healing of the tuberculous process? Does it affect the final result? 

6. Is hypertrophy of the tibial graft mainly the result of adductor-muscle pull or of 

weight-bearing? 

| These and many other questions will be answered in the course of time, as our experi- 
ence grows. At present, all the writer can say from personal knowledge is that, given a 

proper selection of cases in which the hip disease is quiescent, and a sufficient period of 
postoperative protection (an average of six months) in a plaster cast, the Trumble opera- 
tion has proved more successful than any other form of extra-articular arthrodesis of 
which he knows. 

As far as we can tell from the patients operated upon, not only does the graft remain 
| alive and fuse, but the disease also tends to heal. Fusion of the joint itself evidently 
| requires a much longer period of time, and will depend largely upon the extent and charac- 
| ter of the disease process. 

From our experience with this operation, it does not seem to be of vital importance 
whether the graft is placed at a right angle to the shaft of the femur or more in line with 


} : , : . & : , , 
its weight-bearing force. No one rule has been followed in the placement of our grafts as 
far as angulation is concerned, and yet all have healed well and all have become hyper- 
trophied. Theoretically, those grafts which are placed more in the line of weight-bearing 
should become hypertrophied to a greater degree, at least until healing of the disease 
takes place. Nevertheless, we find that graft hypertrophy takes place in some instances 

i before any weight-bearing is started. 

! 

} 





Fig. 9 


Case 6 (L.D.),.one year and seven months after Trumble operation. Note hypertrophy of the 
tibial graft. One year after operation, the patient fell downstairs and fractured the tibia and fibula 
of his affected leg, without disturbing the ischiofemoral graft. He is now active and well and all 
three sinuses have remained closed. His right. sacro-iliac joint had been fused three years before the 
hip fusion. 
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Case 7 (E.N.), one year after Trumble operation. Note presence of tuberculous disease in greater 
trochanter as well as in acetabulum. This was present before operation. The graft has become 
hypertrophied to a greater extent at the ischial end, but seems to be solid also at the femoral 
attachment. Clinically, fusion is solid and the hip is painless. 


In all probability, this is due to adductor-muscle pull. Could it not be, then, that the 
tibial graft is influenced by both forces, and that early hypertrophy of the graft is due to 
adductor influence and late hypertrophy to weight-bearing? 

If neither tibia is suitable for supplying a bone graft, either because of local disease or 
some other cause, it is quite easy to retract the thigh muscles of the operative hip wound 
and to take a graft from the femur, just distal to the prepared mortise. The author has 
done this successfully in a patient whose prepared tibia was underdeveloped and, there- 
fore, not suitable as a donor site. 


SUMMARY 

Thirteen patients with tuberculosis of the hip joint have been treated at the Lakeville 
State Sanatorium, by the Trumble operation. Of these, seven had their operations more 
than one year ago and have solid bony fusion (Table I). The remainder have not been 
treated sufficiently long for a final end result. All of the patients are doing well, however, 
and the outlook for successful fusion is excellent. So far, there have been no failures and 
only two complications. 

One complication concerned a tibial graft which slipped out of the window in the 
ischium, because the graft had been cut too short. This was a technical error in measure- 
ment, and the graft did not penetrate into the substance of the ischium. A graft of greater 
length, taken two weeks after operation from the opposite tibia, was used to replace the 
dislocated one. Instead of discarding the short graft, it was put into the bed of the tibia 
from which the longer graft had just been removed. Healing progressed favorably after 
the second operation. 

The second complication had to do with a small pressure area over the head of the 
fibula, produced by the plaster leg cast, which caused a transient peroneal palsy. A window 


| 


was cut in the cast to relieve this pressure, and the signs of paralysis soon began to dis- | 


appear. Full recovery resulted. 
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Roentgenograms of the seven patients whose operations were performed a year or 
more ago are shown (Figs. 4 to 10, inclusive). 


CONCLUSION 


While the small number of cases reported in this paper do not warrant any infallible 
conclusions, and the report should be considered preliminary, yet the writer is convinced 
that the Trumble type of ischiofemoral arthrodesis is the best form of extra-articular 
fusion for the hip joint that has yet been devised. In his opinion, it should be used more 
extensively. 


Nore: Since the presentation of this paper, three additional cases have been followed up at a period of 
one year after operation. All show solid, bony fusion, making a total of ten successful cases to date. 
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A TECHNIQUE FOR ARTHRODESIS OF THE HIP JOINT * 
BY ALAN DEFOREST SMITH, M.D., AND ORREN D. BAAB, M.D., NEW YORK, N. Y. 


From the Clinic of the New York Orthopaedic Hospital 


Arthrodesis frequently is difficult to accomplish in osteo-arthritic hips. The bone is 
sclerotic and relatively avascular, and the capsule and synovial membrane usually are 
thickened and fibrotic. The patients often are obese, and effective immobilization in a 
plaster spica is difficult or impossible. Therefore, internal fixation by some form of metal 
has been found advantageous in these operations. A method of driving multiple square 
nails from the ilium into the femoral head and neck has been evolved; this method has 
been successful in a small series of cases, and it is believed that it offers certain advantages 
in some of these operations. 


* Read at the Annual Meeting of The American Orthopaedic Association, Colorado Springs, Colorado, 
May 18, 1949. 
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The method was first 
used in a modified form in 
1943, in an operation on an 
obese woman, fifty-two years 
old, who was to have had 
fusion of the left hip because 
of painful osteo-arthritis. The 
joint was exposed by a Smith- 
Petersen incision and the in- 
tention was to use an iliac 
graft, after removal of the 
cartilage from the superior 
portion of the head and ace- 
tabulum. Before this could be 
done, however, the patient’s 
condition became bad, and it 
was deemed wise to terminate 
the operation as soon as pos- 
sible. A wide osteophytic lip 
protruded from the upper 
margin of the acetabulum, 
and Robert J. Neville, who 


two square nails be driven 
through this, into the femoral 
head. This was quickly done 
and, after closure of the in- 
cision, the patient was re- 
turned to bed without any 
Exposure of hip joint. The quadriceps is detached from the anterior form of external fixation being 
inferior spine of the ilium, and not at the point indicated. applied. At the end of twelve 
weeks, the fusion appeared to 
be solid enough to permit her getting up. The fusion has remained firm and the pain in 
her hip has been relieved. 

The success in this case suggested further use of the method. The technique has been 
modified, however. The capsule of the hip is exposed as widely as possible through a 
Smith-Petersen incision (Fig. 1), as for a cup arthroplasty. Care is taken to dissect the 
overlying gluteal and psoas muscles as widely as possible from the capsule; the superior 
and antero-inferior portions of the capsule are completely excised. This is considered an 
important step in the operation. Not only does it afford an excellent exposure of the joint, 
but it achieves direct contact of vascular muscles with the area in which bony union is 
sought, in place of the thick, fibrous, relatively avascular capsule. 

The femoral] head is then dislocated, and the remnants of articular cartilage are re- 
moved from the head and the acetabulum. No attempt is made, however, to remove all of 
the sclerotic bone. Good contact should be retained between the head and acetabulum; 
and, if much bone were removed, this would not be possible. Numerous holes are drilled 
in the head and surface of the acetabulum, in order to facilitate the growth of blood 
vessels into the area. The head is then replaced. 

In exposing the joint, the rectus and psoas muscles are separated. The psoas and 
iliacus are carefully stripped from the inner surface of the ilium, the inner wall of the 
anterior portion of the acetabulum thus being easily exposed. The hip is placed in the 
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desired position,—usually about 25 degrees of flexion, neutral rotation, and little or no 
abduction. Two square Vitallium or stainless-steel nails with flat, rounded heads are 
driven from within the pelvis through the acetabulum, into the head and neck of the 
femur. One of the nails should be long enough (about three and one-half inches) to trav- 
erse the greater part of the neck. It is better to introduce the nails in slightly different 
directions, so that they are not parallel. If there is an osteophytic lip on the superior 
rim of the acetabulum, as often is the case (Fig. 2-A), a similar but shorter nail is driven 
downward through it, to transfix the head in a vertical direction. Thus three nails traverse 
the ilium and femur in different planes, so that fixation of the head is very firm (Figs. 
2-B and 2-C). 

Closure of the muscles over the ilium is greatly facilitated by removing a strip of 
bone, an inch or so in thickness, from the iliac crest. Some of this bone can be used to 
good advantage as packing around the margin of the acetabulum. No effort is made to 
place bone inside the acetabulum, because this would disturb the even contact which has 
been obtained between it and the head. . 

The wound is then closed in layers. A plaster spica may be applied or not, as seems 
fit. In several of the authors’ cases it was omitted, and it is believed that it would be safe 
to do so in most instances. The period during which the patient is kept in bed has varied 
from two or three to twelve weeks. Early ambulation should be possible in an increasing 
number of cases. 

The technique has been designed especially for osteo-arthritic hips. It has been 
used in other conditions, such as arthritis following congenital dislocation or subluxa- 
tion, and suppurative arthritis. It is not recommended in cases of tuberculosis, or when 
there is likelihood of a pyogenic infection becoming reactivated. In some cases the tech- 
nique has been modified by the use of two instead of three nails, and by introducing all 
of them into the pelvis from without. Although this has succeeded in a few cases, it is not 
considered as good as the method described here. The nails driven from within have a 
firm hold on the ilium, even though they penetrate its thinnest portion, which is not 
true of those which are driven in from without. 

Up to November 30, 1948, fourteen patients, eight females and six males, were oper- 
ated upon by the technique described. Their ages varied from ten to sixty-four years, the 
average age of the males being forty-nine, and that of the females thirty-six and one-half 
years. Fusion resulted in twelve cases. In two, solid union failed to develop aiter seven 
months, and the results must be classed as failures. One of these patients had had two 
previous attempts at arthrodesis by other methods; there was a large amount of scar 
tissue around the joint, and the bones were very sclerotic. In the other case, with aseptic 
necrosis of the femoral head following fracture, the mistake was made of removing too 
much bone from the femoral head and acetabulum, thereby diminishing the area of contact. 

In five other cases two or more nails were used, but otherwise the technique varied 
considerably from that described, making these cases unsuitable for inclusion in the 
series. Solid fusion was achieved in four. In the one failure in this group, the cartilage 
was removed only from the upper portion of the head and acetabulum. A bone graft was 
placed along the upper surface of the neck and head, penetrating the acetabulum, but 
without fixation in the ilium. When a second operation was done on this patient, it was 
found that one of the intrapelvic nails had become loose and had protruded a slight 
distance into the pelvis. It was removed without undue difficulty. 

In two patients in the series of fourteen, pulmonary infarction developed after op- 
eration, presumably from thrombophlebitis. Both patients recovered. Philip Wilson 
noted several cases of thrombophlebitis after hip-fusion operations in which a Smith- 
Petersen nail had’ been driven through the head and neck of the femur from inside the 
ilium, and suggested that the separation of the iliacus muscle from the inside of the pelvis 
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might predispose to this condition. In our experience, however, this has not happened 
after arthroplasties, in which the iliacus is similarly elevated from the pelvis. 


DISCUSSION 


Dr. Cart E. Bapaiey, ANN Arsor, Micuiaan: It is a great privilege to have the opportunity to discuss 
these two excellent papers. We have here the problems Dr. Smith has brought up, of extra-articular fusion 
for osteo-arthritis and for tuberculosis, and of intra-articular fusion for osteo-arthritis. 

I must confess a complete ignorance of the Trumble procedure. As far as I am concerned, this would 
be known as the Van Gorder operation. However, it is based on the principles that Brittain utilized. We are 
familiar with the results of the Brittain operation. Dr. Van Gorder’s operative technique has been beautifully 
presented by the motion picture. Technically, it surpasses the Brittain procedure; and it is one that we will 
all readily adopt, whereas I have been hesitant to adopt the Brittain procedure, with its method of blind 
insertion of the graft. I think the visualization of the fragments, made possible, will be employed not only for 
the procedure that we have seen today, but for a number of other conditions. I have utilized a similar ap- 
proach for subtrochanteric fractures, the glutaeus maximus attachment to the linea aspera being used as a 
guide to the displaced lower fragment of the femur, without any muscle being traversed or sectioned. I have 
been able to get complete reduction very readily in a badly displaced fracture. 

I can see where Brittain’s type of complete osteotomy may be utilized by Dr. Van Gorder in cases where 
there are deformities of the hip. In his paper he emphasized that the Trumble operation is not applicable in 
case of deformity. Only when there is proper position can you utilize his operation. However, I can conceive 
of doing a transverse osteotomy by his approach, correcting the deformity, and utilizing a graft very much 
akin to Brittain’s method, by this surgical approach that Dr. Van Gorder has presented. 

I have been very much impressed with the similarity of the roentgen appearance of the hip joint fol- 
lowing Brittain’s procedure and Dr. Van Gorder’s procedure. The head of the femur and the trochanter have 
undergone marked osteoporosis in all Dr. Van Gorder’s cases, showing something that I think is most im- 
portant in the consideration of the value of the extra-articular operative procedure over the intra-articular 
procedure in tuberculosis of the hip. There is obvious evidence, by the marked atrophy which has occurred 
in the structures above the graft, that the graft immediately relieves all pressure and all weight-bearing in 
the hip joint itself. The architectural principle, as Brittain has called it, of the dome taking the stress and 
strain over onto the ischium, must be of great value in the healing of the tuberculous process. 

The surgeon need not fear operative exposure of a tuberculous joint any more in the hip than he does in 
the knee. We developed a relatively simple operative procedure in 1929 for tuberculosis of the hip. We remove 
the crest of the ilium, split the anterior part of the ilium to the acetabulum and open it up widely like a book, 
then turn the excised fragment of the whole cortex of the ilium about 180 degrees. The proximal portion 
becomes the distal portion, so that the natural curve of the iliac crest allows it to fit into a prepared slot in 
the intertrochanteric region and head and neck of the femur; then it is thrust into the leaves of this separated 
ilium and held securely in position by the automatic compression of the separated iliac halves. We also do 
an intra-articular removal of cartilage in disease without dislocating the hip. However, we have had to wait 
for a period when the lesion was quiescent and, for many cases, this was a number of years. It seems to me 
that Dr. Van Gorder’s operation could be done without the long period of waiting which we have had in 
our cases. 

Incidentally, the results of our arthrodeses in tuberculosis and the results reported by Dr. Alan Smith 
in a previous paper on tuberculosis were 66 per cent. The results of those reported by Dr. Van Gorder are 
100 per cent. So I must say I am a convert to the principle of extra-articular fusion by Van Gorder’s method 
in tuberculosis of the hip, and possibly in many other conditions, when you do not want to run the danger 
of lighting up the infection. 

I am sorry time does not permit discussion of Dr. Smith’s paper. 


Dr. ALBERTO INcLAN, Havana, Cusa: Fusion of the hip is frequently discussed, due to the fact that 
none of the numerous operations devised for this purpose is entirely satisfactory. 

The papers presented by Dr. Van Gorder and Dr. Alan Smith are proof of the preceding statement. 
Dr. Van Gorder has offered the results of his experience with the revival of a little-known operation for 
extra-articular hip fusion,—namely, Trumble’s ischiofemoral arthrodesis; while Dr. Smith has presented a 
new technique for intra-articular fusion of the hip, involving intrapelvic nailing of the iliac bone to the 
head of the femur. 

In reference to Dr. Van Gorder’s paper, ischiofemoral arthrodesis, with a bone graft to bridge the gap be- 
tween ischium and femur, was used long before Trumble published his first paper in 1932. Maragliano first 
reported this technique in 1919. The Trumble operation appears to be a much more elaborate procedure than 
Brittain’s technique for ischiofemoral fusion. The latter procedure has been employed by Dr. Inclan, Jr., 
on my Service for the past two and one-half years, in children, adolescents, and adults. 

In the copy of Dr. Van Gorder’s paper, which he kindly forwarded to me, no statement was made con- 
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cerning the ages of the various patients operated upon. This we consider of importance, since the percentage 
of fusions obtained is considerably lower in children, regardless of the technique used. We have also found 
that proper placement of the graft obliquely from below upward, and internal displacement of the femoral 
shaft, shortening of the gap between femur and ischium, and suppressing the sheering effect of weight- 
bearing, are conducive to solid fusion, with secondary hypertrophy of the graft. We have employed Brit- 
tain’s technique, with certain modifications, in sixteen cases. Although favorably impressed by it, we feel 
that we need more cases and a longer follow-up period before rendering any conclusions. However, we con- 
sider Brittain’s technique preferable to Trumble’s, because of its simplicity and the fact that a medial dis- 
placement of the weight-bearing line occurs, due to the internal shifting of the femoral shaft. At the present 
time we consider it the operation of choice for the extra-articular fusion of tuberculous hips. 

In discussing Dr. Alan Smith’s paper on intra-articular fusion of the hip for osteo-arthritis and similar 
conditions, I congratulate him on being able to nail those hips from within the pelvis. It seems to me a major 
procedure, involving extensive dissection of articular and periarticular tissues. The reflection of the iliacus 
muscle may explain the relatively high incidence of thrombophlebitis which he has reported. 

In the type of case described by Dr. Smith, we have been employing a combined surgical procedure, 
securing fixation by a long Smith-Petersen nail driven through the neck and head of the femur high into the 
ilium (as advocated by Watson-Jones), and depending for fusion on a sliding graft, taken from the outer 
cortex of the ilium, and placed between the ilium and the greater trochanter. 

A Vitallium screw holds the end of the graft firmly in apposition with the raw surface of the iliac bone, 
just proximal to the rim of the acetabulum. The articular capsule may be excised, and the graft placed in 
direct contact with the freshened superior surface of the head and neck of the femur. This technique has given 
satisfactory results in the limited number of cases in which we have employed it. No postoperative plaster- 
cast immobilization is utilized, and the patients may be up in wheelchairs a week following operation and may 
walk on crutches four weeks afterward. 

I congratulate the authors for their excellent contributions to the solution of the difficult problem of hip 
fusion. 


Dr. VAN GorDER (closing): I want to thank Dr. Badgley and Dr. Inclan for their kind criticisms of my 
paper, and to make one correction regarding the chronology of the Trumble operation. 

It is not a more recent operation than the Brittain procedure, as was implied by Dr. Badgley, but was 
performed nine years before the Brittain operation. In fact, Brittain himself stated in his book (Architectural 
Principles in Arthrodesis, Baltimore, Williams and Wilkins Co., 1942) that his hip operation was based on 
the “ingenious ischiofemoral arthrodesis’”’ of Trumble. 

The Trumble operation differs fom the Brittain operation, however, in two important respects: (1) The 
femur is not osteotomized and (2) the operation is not blind. 

If the Trumble operation is successful in fusing the hip, as it appears to be, the thought must surely 
arise: Why is it necessary or wise to go to the trouble and danger of fracturing the patient’s femur in order to 
establish a bony ridge between the ischium and the femur, when this same end can be accomplished much 
more accurately, much more safely, and with much less trauma by the operation here described? 

The extent of trauma associated with the Brittain procedure apparently varies considerably, as is natural 
in any blind procedure. For instance, Brittain quotes McMurray as stating that there is more shock after the 
Brittain operation than after any other method of arthrodesis. Although Brittain himself states that just the 
opposite is true, nevertheless he has written (J. Bone and Joint Surg., 30-B : 642-650, Nov. 1948): “Some ooz- 
ing always takes place, and sometimes it may appear alarming. If the anterior pelvic brim is traversed, the 
obturator artery may be divided. In addition, one may divide branches of the lateral femoral circumflex 
artery taking part in the digital anastomosis, and there may be muscular oozing from dividing the iliopsoas 
and small muscle like the piriformis and obturators. None of this haemorrhage is serious, with the possible 
exception of that from the obturator artery in a debilitated patient. There is no doubt that oozing does take 
place and that it goes on after operation, so that it is wise to have blood transfusions readily available.” If 
one adds to the arteries mentioned above that may be divided, the external iliac, which is known to have been 
perforated while this operation was performed, then the danger of working in the dark amid important struc- 
tures, including the sciatic nerve, is all the more impressive. 

One is forced to question seriously, therefore, the advisability or the justification of carrying out an 
ischiofemoral fusion of the hip blindly, when a successful open procedure is available. 
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SLIPPING OF TEE UPPER FEMORAL EPIPHYSIS * 


BY M. BECKETT HOWORTH, M.D., NEW YORK, N. Y. 
From the New York Orthopaedic Hospital, New York City 


A study of seventy cases of slipping of the upper femoral epiphysis from the New 
York Orthopaedic Hospital was presented in 19311. Sixty-two additional cases, a total 
of 132, were presented in 1941 2. From 1941 until January 1947, 111 additional cases have 
been treated, a total of 243. A careful and complete analysis of these cases forms the basis 
for the following report. 


PATHOLOGICAL FINDINGS 


One hundred and sixty-nine hips were operated upon in various stages of the disease, 
and gross and microscopic studies of the pathological tissue were made. Sections from the 
synovial membrane, the periosteum and bone of the proximal portion of the neck, the 
epiphyseal disc, and the femoral head were studied. 

In the preslipping stage, grossly the synovial membrane is swollen, oedematous, and 
hyperaemic, and there is villous formation. Similar, but milder, changes occur in the 
periosteum and capsule. No gross changes are seen in the head or acetabulum. Micro- 
scopic sections of the synovial membrane disclose oedema and hypervascularity, usually 
with perivascular lymphocytic infiltration, scattered plasma cells and wandering cells, 
and villi. Decalcification and hypervascularity are present at the junction of the neck and 
the epiphyseal disc. 

In the slipping stage, the epiphysis is displaced downward and backward in relation 
to the femoral neck. Usually the epiphysis rotates into a varus position at the same time, 
but a valgus deformity was present in three hips. The slipping may be sudden or gradual, 
and often it occurs several times in succession. The epiphysis never becomes completely 
separated from the neck, but remains attached by periosteum and fibrous tissue, which 
grow over the exposed portion of the neck as the slipping occurs. This new tissue may be 
recognized by its bluish color, its softness and looseness, and the frequent presence of tiny 
islands of bare bone. The cartilaginous epiphyseal disc remains attached to the head, but 
is gradually absorbed and transformed into bone. Callus rapidly forms in the angle be- 
tween the head and neck inferiorly and posteriorly, but is covered by a fold of hyper- 
plastic and redundant synovial membrane. The articular cartilage of the head and ace- 
tabulum remains normal in appearance. There is rarely hemorrhage into the joint unless 
there has been violent manipulation. Microscopically, the soft-tissue changes are similar 
to those seen in the preslipping stage. There is separation between the epiphyseal disc and 
the neck, with degenerative changes in the disc cartilage and evidence of repair at the 
junction. 

In the healing stage, the medial margin of the neck, exposed anteriorly and superiorly 
by the slipping, gradually becomes rounded; in addition, the callus inferiorly becomes 
incorporated with the neck, thus changing the contours of the neck. The epiphyseal disc 
is gradually absorbed, and bony union occurs between the epiphysis and the neck. The 
synovial membrane and periosteum become less vascular and oedematous, more scarred 
and inelastic. The inflammatory process usually subsides after several months, but spon- 
taneous union of the epiphysis may require two or three years. If the head has been sepa- 
rated from the neck in the course of treatment, degenerative changes in the head are the 
rule. 

In the residual stage, the lesion is healed and the epiphysis is solidly united to the neck 


* Portion of paper read at the Joint Meeting of The American Orthopaedic Association, The British 
Orthopaedic Association, and The Canadian Orthopaedic Association, Quebec, Canada, June 3, 1948. 
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Fia. 1 
Section of synovial membrane (X 50), taken at operation for pegging an epiphysis in the preslipping 
stage. Oedema, hypervascularity, villous formation, and a few plasma cells and small lymphocytes are 
visible. 




















Fia. 2 


Section of synovial membrane (X 100), taken at operation for pegging an epiphysis in the preslipping 
stage. Shows marked oedema and hypervascularity, with perivascular lymphocytic infiltration. 
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Fie. 3-A 


Sectiqn taken from right epiphyseal plate (X 38), at operation for pegging an epiphysis in the pre- 
slipping stage. Shows degeneration and necrosis of fibrous tissue and cartilage. 


Fia. 3-B 


Section taken from left epiphyseal plate (X 38), at operation for pesging an epiphysis in the pre- 
slipping stage. De eneration, necrosis, and repair of fibrous tissue anc cartilage are seen, with hemor- 
rhage and foreign-body giant cells. 
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2 Section of synovial membrane (X 100), taken at operation for open reduction of slipped epiphysis. 
Villi are present with focal lymphocytic infiltration, oedema, and hypervascularity. 








Fia. 4-B 


‘ Section of epiphyseal plate of same hip (X 38). Process of degeneration and repair can be seen at 
junction of plate with femoral neck; a mass of young cartilage cells is growing into a defect in the adja- 
cent bone. 
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in the displaced position. The callus has become mature bone, indistinguishable from the 
neck itself, and the contours of the neck are smoother. The synovial membrane, the peri- 
osteum, and the capsule are sclerotic and inelastic. Osteo-arthritic changes develop if there 
is deformity, because of the faulty joint mechanics, especially if the joint is subject to 
strenuous activity or if there has been much damage to the circulation. Osteophytic pro- 
duction is often seen at the margin of the head and at the margin of the acetabulum. 


TREATMENT 


The results of the treatment for slipping of the upper femoral epiphysis should be 


Fig. 5-A 
C., a boy, aged thirteen years, had had pain and limp for one month. A bilateral pegging operation 
was done in the preslipping stage. An excellent clinical and roentgenographic result was obtained, with 
no degenerative changes,—the usual result after this operation. 
On May 27, 1941, the epiphyseal lines were wide and irregular, with decalcification on the distal side. 
The capsules were swollen. 


Fig. 5-B 
June 3, 1941. In lateral views, very slight posterior displacement is seen. Pegging operation on left 
was done June 9; on right, October 20. 
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Fia. 5-C 
Roentgenogram of right hip taken October 25, five days after operation; that of left hip taken August 
11, nine weeks after operation. 
) 
) 
Fia. 5-D 
In lateral views taken on December 15, the epiphyseal lines had healed and were closing. The pegs 
were beginning to become absorbed. The heads and necks appeared healthy. 
strictly evaluated in terms of the normal hip as to symptoms, signs, and roentgenographic 
appearance. The lesion always heals spontaneously, and treatment is of no value unless it 
produces a better result than would have been accomplished by nature. Too many reports 
| of the results of treatment of this disease have failed to take these facts into consideration. 
The results in many cases which had no treatment have been better than those in similar 
cases after operation. 
No Therapy 
Although the lesion always heals, from one to three years are usually required and 
LY 
VOL, 31-A, NO. 4, OCTOBER 1949 











740 M. B. HOWORTH 


there is the risk of considerable slipping, with deformity and its accompanying symptoms, 
and eventually osteo-arthritis. However, after healing, the symptoms and signs produced 
by the deformity are often found to be only slight and the disability negligible, until 
osteo-arthritis develops in middle life. 


Endocrine Therapy 

Thyroid has no appreciable effect on the lesion, and should be used only if there is 
definite hypothyroidism. Healing of the lesion and closure of all the epiphyses may be 
hastened by the administration of gonadal hormones, but limitation of growth and a 
telescoping of adolescence will result, with the possibility of disastrous psychological 
effects. 


Bed Rest 

The disease heals as a result of rest in bed, but many months may be required. The 
author has seen slipping occur after six months of bed rest. Slipping occurred in one boy’s 
hip when he wrestled with his brother, while in bed. Bed rest or the avoidance of weight- 
bearing must be continued until the lesion is completely healed. After all pain and spasm 
have subsided, crutches may be used until the condition has fully healed, if the child can 
be trusted to avoid weight-bearing. An ankle sling attached to a Sam Browne type of belt 
may be used for suspending the leg, as in coxa plana, but the child with slipping of the 
epiphysis is often so large and the leg is so heavy that this method may not be practical. 


Cast or Brace 

Immobilization in a plaster cast or a brace is followed by relief of pain and spasm, 
and eventual healing of the lesion, but the period of healing may be several months or 
even two or three years, and there is considerable residual limitation of motion. If a brace 
is used, it should be of the non-weight-bearing type, with the affected extremity suspended 
in the brace and a built-up shoe worn on the opposite side; and it should be removed daily 
for active motion with the leg supported. Exercises in the pool or tank may be given later. ) 








Fia. 5-E 


On January 12, 1942, seven months after operation on left hip and three months after operation on 
right hip, the epiphyseal lines had closed and the pegs were being absorbed. The heads and necks were 
healthy. 
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Fig. 5-F 


Fic. 5-G 


By January 3, 1946, four and one-half years after operation, the epiphyseal lines had been obliterated 
and the pegs had been absorbed. The heads and necks appeared healthy. At this time displacement was 
negligible and there were no symptoms. The index of motion was 95. 


Pegging Operation 


The ideal treatment is to prevent slipping of the epiphysis and to hasten healing of 
the disease by the method which is simplest, safest, and quickest. For this purpose we 
have used, since 1930, an operation for inserting bone pegs across the epiphyseal plate. The 
operation may also be used after slipping has occurred. The hip joint is exposed anteriorly 
by a Smith-Petersen incision, and the capsule is incised close to and parallel with the 
rectus tendon. This exposes the junction of the head and neck, and the pathological con- 
dition can easily be studied. Much more of this area can be seen if the hip is moved slowly 


in various directions. 
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Fig. 6-C 


April 19, 1945. Seven months after operation, the epiphyseal line and pegs were nearly obliterated. 
The head and neck were healthy. 

Three years after operation, there was no further displacement; there were no symptoms; and the 
index of motion was 100. 


With an osteotome, a triangular fenestration is made in the neck anteriorly, close to 
its junction with the head. Through this opening, three holes are drilled with a Nicola 
gouge in tripedal fashion, through the epiphyseal plate into the head. If there is posterior 
slipping, it is easier to drill the holes. It is important that the position of the head be clearly 
visualized and that the holes be drilled in the proper directions and to the proper depths. 
In three hips the operation failed because the fenestration was not close to the head, and 
the holes and pegs did not reach the epiphyseal disc. Three pegs are cut from the anterior 
portion of the wing of the ilium, each about one and one-half inches long and three-six- 
teenths of an inch in diameter, and inserted into the drill holes. It is important that the 
pegs not be fractured in the process of removal, as a fractured peg is more likely to be 
absorbed; failure in one case apparently resulted from this cause. After the pegs have been 
inserted, the fenestration is covered with a small piece of muscle to prevent bleeding and 
to favor smooth healing. The wound is sutured anatomically, and a flannel or elastic- 
bandage spica is applied. 

The extremity may be suspended and light traction may be used for a few days, or a 
plaster boot may be applied with a crossbar to hold the hip in slight internal rotation, 
especially if there is slipping and a tendency to external rotation. The position of the pegs 
is checked by roentgenograms. Active motion with support is begun a day or two after the 
operation; and, in two or three weeks, motion has usually returned to the preoperative 
range. Walking is begun eight to twelve weeks after operation, with crutches for the first 
week or two, when the roentgenograms reveal healing of the lesion and beginning union 
of the epiphysis. Full activity, including sports, may be resumed four months after opera- 
tion. There is usually solid union of the epiphysis within six months after the operation, 
and complete closure of the epiphyseal line within a year. This premature union of the 
epiphysis rarely results in more than one-fourth inch of shortening at this age period, and 
the shortening is usually negligible. The range of motion in the hip is essentially normal 
if there has been no slip, and there is no disability for any activity, including athletics. 
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Fie. 7-A 
H., a girl, aged eleven years, had had symptoms for six months. The pegging operation was done for 
moderate displacement. A good clinical and roentgenographic result was obtained despite the displace- 
ment; there were no degenerative changes. This is the usual result after this operation, and is far better 
than would have been obtained by open reduction or osteotomy of the neck. 
Fig. 7-A: March 20, 1946. The epiphyseal line was irregular, with a wide zone of irregular decalcifica- 


tion of the distal side. There was posterior displacement of one-half inch, with mature callus in the in- 
ferior angle between the head and neck. 
On April 11 the pegging operation was done. 








Fic. 7-B 
September 10. Five months after operation, the epiphyseal line had healed and was closing; the pegs 
were being absorbed. The head was healthy; the proximal end of the neck was recalcifying. 
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Fie. 7-C 


In January 1949, almost three years after operation, the epiphyseal line and pegs were obliterated; 
the neck had recalcified; and the head and neck were healthy. There was no further displacement. 


We have used the pegging operation on 134 hips; 120 cases were unilateral, and seven 
were bilateral. The youngest patient, a girl, was eight years old; the oldest, a boy, was 
seventeen. The operation was done in the preslipping stage on twenty-nine hips; after 
slipping had begun, on 102. The greatest amount of slipping was three-quarters of an inch. 
The first of these operations was done in 1930; the last in this series, in December 1946. 
The follow-up period ranged from one to seventeen years, with an average of seven years. 
Drilling alone, without pegs, was used in three of the hips. The epiphysis slipped in one of 
these, nine months later, and an open reduction was done; healing of the other two was 
quite slow and was not influenced by the drilling. 

One failure resulted from absorption of the pegs, either because they were fractured 
in being removed from the ilium or because they were too small; the operation was re- 
peated successfully. Three other failures occurred because the pegs did not reach the 
epiphyseal plate; the operations were repeated, with success. In no case did slipping 
occur after the pegging operation. The lesion always healed within three months, and the 
epiphyseal plate began to close shortly afterward. The clinical results have been excellent, 
with no pain, limp, or disability, even after strenuous athletics. The range of motion has 
been essentially normal if no slipping occurred. Internal rotation and sometimes flexion 
and abduction were proportionately limited if there was slipping. The shortening due to 
closure of the epiphyseal plate was negligible. There were no deaths and no deep wound 
infections. No arthritic lipping developed in the hips in which little or no slipping took 
place. 


Nailing the Epiphysis 

We have nailed the epiphysis with a Smith-Petersen nail, and have seen the results 
of nailing in several other series of cases. The nailing operation is simpler than the pegging 
operation (particularly for the surgeon who is accustomed to using the nail for fracture of 
the neck of the femur), largely because the approach is simpler. However, the danger of 
damage to the hip is greater, especially if the nail has to be driven in more than once, if it 
is driven too far, or if it does not remain wholly within the neck in its course to the head. 
Degenerative changes in the head and even in the acetabulum have occurred in many of 
the hips in which nailing was done, whereas no such changes were seen after pegging. 
Moreover, while a well-placed nail will prevent slipping of the epiphysis and will favor 
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eventual healing of the lesion and closure of the epiphyseal plate, the nail does not stimu- 
late bone formation as do the pegs, and healing is slower. Early weight-bearing is some- 
times possible when the nail is used and, although the immediate result may be good, the 
eventual result is less satisfactory. Wires may be used instead of the nail, with less likeli- 
hood of damage to the circulation at the hip or to the joint, but with a less stable fixation 
and no more rapid healing. 


Reduction by Manipulation 


We have attempted closed reduction in twenty-eight cases by forceful abduction and 
internal rotation. These hips were immobilized in plaster in abduction and internal rota- 
tion; and, while in this position, appeared to have at least partial reduction. However, 
when the casts were removed and proper roentgenograms were taken, it was found that 
complete reduction had been obtained in only two cases, partial reduction in four, and 
none in the remainder. Reduction failed because there was no way to hold the head and 
because of the resistance of the callus in the inferior angle. There was little or no callus and 
little displacement of the hips with a partially successful reduction. 

The follow-up period ranged from one to ten years, averaging 4.5 years. Moderate 
permanent limitation of motion was present in most of the hips, probably due to immobili- 
zation during the inflammatory period. Degenerative changes of the head followed in 
several instances. Manipulative reduction should be reserved for those hips with recent 
slipping and no callus. If the displacement is corrected by closed manipulation, it is prefer- 
able to maintain the reduction with a nail rather than by immobilization in a plaster cast. 


Reduction by Strong Traction 


Strong manual traction, estimated at 500 pounds, combined with internal rotation 
and abduction, was employed in 1932 in an attempt to effect reduction in seven cases of 
slipped epiphysis with callus in the inferior angle. The downward displacement was cor- 
rected in most of these hips, but the posterior displacement usually was not corrected. All 
were immobilized in plaster for ten or twelve weeks. The eventual range of motion was 
poor in five cases, and good in only one. Degenerative changes followed in all but one hip, 
probably due to circulatory damage at the time of reduction, as well as to immobilization 
in plaster under tension. The results might have been better with nailing and active 
motion after reduction, rather than plaster. 


Traction-Reduction with Nail Fixation 


Closed reduction by manual traction, with the extremity in flexion and internal 
rotation (Leadbetter manoeuvre), was done in five cases within a few days after the 
slipping. The reduction was very good in three of the hips, and fair in two. Fixation was 
accomplished with the Smith-Petersen nail, and early active motion with support was 
begun a few days after the operation. Weight-bearing was started eight to ten weeks later. 
The follow-up period varied from four to seven years; the result was good in each case; 
and a good range of motion was maintained. The soft tissues evidently remain attached to 
the head in this type of reduction and the circulation is maintained, so that degenerative 
changes do not develop. 


Open Reduction 


Open reduction of the displaced epiphysis was done in thirty-one hips, the first in 
1920, with anatomical improvement in all cases and excellent anatomical reposition in 
nearly all. It was necessary to separate the head from the neck in order to effect reduction, 
and usually to remove callus from the inferior angle. A nail was driven through the tro- 
chanter and neck into the head of one femur for internal fixation (1924). Twenty of the 
hips were immobilized in plaster for ten to twelve weeks. Good clinical results were ob- 
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tained in only two of these; one patient was only eight years old at the time of operation. 
Two cases were complete failures; one patient later had an arthroplasty and one a hip 
fusion. Marked limitation of motion and degenerative changes were the rule. 

Internal fixation, with active motion from the first week, was used with open reduc- 
tion in eleven cases. Fixation was obtained with the ordinary nail in two cases, with the 
Smith-Petersen nail in eight, and with the Lippmann screw in two. The anatomical result 
was usually good. The range of motion was better in this group than in the group having 
immobilization, the index ranging from seven to ninety-six, with an average of sixty-six. 
The worst results occurred in the two hips in which the nail had been driven through the 
head into the acetabulum. Degenerative changes occurred in four of the hips, and arthritic 
lipping was common in those cases followed for several years. 


Osteotomy of the Neck 


The deformity was corrected by osteotomy through the femoral neck in three cases, 
the first in 1925; and the hips were immobilized in plaster for about twelve weeks. These 
cases were reported in 1931. Considerable anatomical correction was obtained, but limita- 
tion of motion and degenerative changes were usual. Probably the results would have been 
better with internal fixation and early motion. However, in two later cases having oste- 
otomy of the neck with fixation by a Smith-Petersen nail, and early motion, the results 
have been only fair. 


Subtrochanteric Osteotomy 


The deformity was corrected indirectly in ten hips, at least to some extent, by sub- 
trochanteric osteotomy. The lower fragment was abducted and internally rotated. The 
operation was usually done in the residual stage. The hip was immobilized in plaster in 
seven cases, once with a long nail to prevent flexion of the upper fragment. Two of these 
hips became quite stiff. Internal fixation with a blade-plate was used in two cases, with 
early motion, and Russell traction in one. The position of the hip was usually improved; 
but, in several cases treated by immobilization in plaster in extension, flexion of the upper 
fragment resulted in further deformity and shortening. Supracondylar osteotomy for cor- 
rection of external-rotation deformity was used for one hip, with success. Subtrochanteric 
or supracondylar osteotomy is much less likely to result in damage to the circulation of the 
hip and degenerative changes than is closed or open reduction or osteotomy of the neck, but 
the position of the fragments cannot easily be controlled. 


CONCLUSIONS 


The hip should never be held in a position of tension, especially extension, abduction, 
and internal rotation, as this wrings out the blood vessels along the neck and still further 
embarrasses the circulation. 

No operation should be done when acute pain and spasm are present, at least until 
after two or three weeks of bed rest. The treatment of choice is pegging of the epiphysis 
in the preslipping stage or before much slipping has occurred. The results of this opera- 
tion have been excellent, and far better than with any of the other methods of treatment. 
Drilling without pegging has little or no effect on the course of the disease. Even the 
slipped epiphysis can be pegged, and the deformity can be corrected later by subtro- 
chanteric osteotomy. 

Note: For Discussion of this paper, see page 21 of this Volume of The Journal (January 1949). 
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SND RESULTS IN PHYSIOLOGICAL BLOCKING OF FLAIL JOINTS * 


BY ALBERTO INCLAN, M.D., HAVANA, CUBA 


Many surgical procedures have been described to limit the motion of certain joints in 
a given direction, and are classified under the general heading of arthroereisis, in contrast 
to arthrodesis, in which all joint motion is abolished. The relative importance of this type 
of surgical technique may be gauged from the fact that it was one of the two principal 
subjects discussed at the Third International Congress of Orthopaedic Surgery, held at 
Bologna and Rome in 1936, under the inspiring presidency of the late Vittorio Putti. 

The first arthroereisis or joint-blocking operation was performed by Wollenberg, in 
1912, for genu recurvatum. Toupet, in 1919, performed the first posterior block of the 
ankle. Since then many other surgeons have added new joint-blocking techniques to our 
surgical armamentarium, such as those of Putti, Campbell, Ombrédanne, Nové-Jv-erand, 
Camera, Salaverry, and others for the ankle joint, and those of Campbell and Mayer for 
the knee. 

Other techniques, which utilize various intra-articular and para-articular soft struc- 
tures and tendons in the manner of check ligareents, have been employed in an attempt to 
limit abnormal joint motion. It is our belief that, although these procedures may be suc- 
cessful in mild eases showing no alterations in joint configuration, they fall short of their 
goal in more severe cases, when growth and increasing weight throw a greater stress on 
joints and ligaments, resulting in a recurrence of abnormal motion. 

Most techniques devised for joint-blocking depend upon the placing of bone grafts in 
such a way that they will mechanically impede the excursion of the joint in a certain direc- 
tion. This type of operation has been accompanied by such a high incidence of functional 
failure, due to absorption, fracture, or atrophy of the graft with a recurrence of abnormal 
motion, or to painful joint motion from secondary osteo-arthritis, that Branch, reviewing 
eighteen cases of posterior bone block of the ankle in 1939, stated: ‘‘The author hesitates 
to present a destructive paper such as this with no constructive criticism”. 

In an endeavor to secure a more physiological blocking of joints, altering the position 
of the joint surfaces themselves rather than blocking joint motion mechanically by means 
of grafts, the author has, since 1936, been employing the technique to be described. No 
originality is claimed; the principle is not new, and was embodied in techniques described 
by Putti in iis second operation for anterior blocking of the ankle, by Brwee Gill in his 
operation for posterior ankle block, and by Lexer and Brett in their operation for genu 
recurvatum. This principle, however, has not been accorded proper emphasis by previous 
writers. It may be stated as consisting in the altering of the joint configuration in such a 
way that the range of motion is shortened without the introduction of a mechanical obsta- 
cle to normal excursion. This type of joint-blocking is termed “‘ physiological”, since the 
normal anatomical structures which make up the joint are not changed in substance, but 
are merely altered in their relation to one another. A perusal of the techniques to be 
described will clarify this concept. 


Posterior Physiological Blocking of the Ankle 

The operation is used in cases of paralytic drop-foot. A stabilizing triple arthrodesis 
of the talonavicular, talocalcaneal, and calcaneocuboid joints is first carried out, with re- 
section of the head of the talus and correction of any varus or valgus deformities which 
may be present. While the next step is being performed, an assistant prepares the resected 
head of the talus, denuding one-half of the articular surface of cartilage and cutting a notch 


* Read at the Joint Meeting of The American Orthopaedic Association, The British Orthopaedic As- 
sociation, and The Canadian Orthopaedic Association, Qucbec, Canada, June 4, 1948. 
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into the other half, so that the head of 
the talus assumes a shape reminiscent 
of a cock’s comb (Fig. 1). Following 
triple arthrodesis and closure of the 
operative wound, the patient is turned 
into the prone position, and a posterior 
longitudinal incision is made, parallel 
to the Achilles tendon. The tendon is 
exposed and split by the Hoke Z-plasty 
technique, after which the underlying 
fat and ligamentous structures are 
split to expose the posterior surface of 
; ee ; vue. § the talus and the superior surface of 
am lee pe vig operative procedure for poste- the calcaneus. With the foot held in 
strong dorsiflexion, a curved osteo- 
tome is driven forward, just under the superior articular cartilage of the talus, and used as 
a lever to raise an osteocartilaginous flap. While this flap is held in the raised position by 
the osteotome, a curved or angulated gouge is used to cut a deep vertical groove in the 
posterior surface of the talus and to raise a cortical flap from the superior surface of the 
calcaneus. The previously prepared head of the talus is then placed in this bed, its denuded 
portion in contact with the raw surfaces of the talus and calcaneus, and its notch holding 
up the osteocartilaginous flap, which is lowered into it after the curved osteotome has been 
removed. This elevation of the posterior portion of the superior articular surface of the 
talus effectively limits plantar flexion to about 10 degrees. Although a portion of the head 
of the talus projects upward and posteriorly, it has no blocking action, and may be frac- 
tured or resorbed without in any way influencing the final results. 














Anterior Physiological Blocking of the Ankle 
A corrective tarsal arthrodesis is first performed to correct the calcaneus or calcaneo- 
cavus deformity which may be present. The anterior portion of the superior articular sur- 


TABLE I 
PHYSIOLOGICAL BLOCKING OF FLAIL JOINTS 


No. of Cases with Follow-up 





Operation Cases (No.) (Per cent.) 
Posterior blocking of ankle... . . , 102 51 50 
Anterior blocking of ankle. ...... 5s 30 10 33 
Anterior blocking of knee.......... ee: 8 6 75 
Posterior blocking of elbow........ acs re 1 1 100 





OD ae ee MePteaeeaaan Pre re 141 68 


face of the talus is raised with an osteotome, and four wedges of bone, fashioned from the 
resected head of the talus, are placed under this osteocartilaginous flap to hold it up. The 
outer portion of the flap must be raised much higher than the inner portion, if its blocking 
action is to be maintained when the foot is dorsiflexed while in the pronated or abducted 
position. 


Anterior Physiological Blocking of the Knee for Genu Recurvatum 


A T-shaped incision is made, its horizontal portion just below the articular line of the 
knee joint, and its vertical limb along the anteromedial surface of the tibia. The articular 
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TABLE II 
LENGTH OF FoLLow-vup Periop IN SIxty-EIGHT CASES 

















Time No. of Cases 
PP NN NN cia 3 aoa: oS odes Simin aves Bed a's wales areas : 3 
1 to 5 years....... SN Re ON a NE Mes tc 37 
EE TR A, EE Oey One ee ee 18 
MIND e558 So. ley 5. Bae Naat do oan koa Bee auacatan 10 
: | _RRTOR Bre C een Aa 68 





cartilage, with one-eighth of an inch of the underlying cancellous bone, is raised by an 
osteotome, driven from in front backward. A curved osteotome is used to develop this flap 
posteriorly, until the osteotomy almost reaches the posterior surface of the tibia. With the 
curved osteotome, this osteocartilaginous flap is then bent upward, conforming to the 
curved surfaces of the femoral condyles (Fig. 2). Four wedges of bone, taken from the tibia 


TABLE III 


FrnaL Resuutts AND LATE COMPLICATIONS IN FiIFTY-ONE CASES 
OF PosTeERIOR PHYSIOLOGICAL BLOCKING OF THE ANKLE 





Plantar Flexion 


No. of Per Possible No. of | Per 
Classification Cases cent. (Degrees) Complications * Cases cent. 
Excellent 24 47 10 to 12 Foot deformity 8 16 
Good 20 39 13 to 15 Absorption or fracture of head of talus e 14 
Fair 6 12 16 to 20 Absorption and partial loss of blocking 2 
Poor 1 2 21 or more’ | Hypercorrection, resulting in slight 
calcaneus I 2 
Pulmonary and hip tuberculosis l 2 





* No instances of ankylosis of the ankle, infection, arthritic changes, or arthritic pain were observed. 




















[ee 
Fia. 4 Fie. 5 

Fig. 4: Roentgenographic aspect of paralytic drop-foot, ten years after operation. By modification 
of the articular surface of the talus, blocking mechanism has been set up. No arthritic changes are 
evident. 

Fig. 5: Roentgenographie aspect of paralytic drop-foot, eight years after operation. That portion of 
the head of the talus shaped as a cock’s comb has been fractured; the blocking effect is maintained 
by the modified articular surface of the posterior aspect of the talus. 
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TABLE IV 
Fina Resutts AND Late CoMPLICATIONS IN TEN CASES OF 
ANTERIOR PuysItoLoGicAL BLOCKING OF THE ANKLE 











> = een j S 
Dorsiflexion 
No. of Per Possible No. of | Per 
Classification Cases cent. (Degrees) Complications * Cases cent. Cl 
Excellent 5 50 10 to 12 Partial loss of blocking effect 2 20 Ex 
(4 to 10 degrees) Go 
Good 2 20 13 to 15 Total loss of blocking effect 1 10 | Fa 
Fair 2 20 16 to 20 Revision of arthrodesis necessary 1 10 Po 
Poor 1 10 Over 20 Death from pulmonary tuberculosis, 1 10 
2 years after operation 














* No instances of infection, arthritic changes, pain on weight-bearing or walking, or ankylosis of the 
ankle were observed. 
and inserted into the osteotomy site, hold the flap in place. This technique has been used — 
successfully in the author’s last six cases. In the first two cases a parapatellar incision was 
utilized, and the grafts were obtained from the patella. We have found cortical grafts Cla 
from the tibia to be stronger and more suitable. 








Exc 
Physiological Posterior Blocking of the Elbow Goc 
A posterolateral incision is begun two inches above the tip of the olecranon process, a 
and is carried along the lateral border of the process to its base. The tendon of the triceps Zo 
is split in the mid-line, and the semilunar notch of the ulna is visualized. An osteotomy is 5 
begun just posterior to the upper border of the articular cartilage, the osteotome being 
driven downward, parallel to the cartilage. The elbow is flexed to 90 degrees, and the flap nor 
is raised until it blocks further extension of the joint. A wedge of bone, taken from the eler 
tibia, is inserted into the angle of the osteotomy to maintain the elevated position of the 
flap (Fig. 3). ) 
thu 
COMMENT 
The author recommends the surgical procedures described base 
for blocking joints because of the following reasons: 
1. The normal structure of the joint remains unaltered. 
2. Limitation of motion is obtained without disturbing the | 
ank| 
in 1 
Hos 
141 
follo 
10 te 
no p: 
not | 
moti 
Fia. 6-A Fie. 6-B Fic. 7-A Fie. 7-B 
Fig. 6-A: J. W. Patient with paralytic drop-foot, before operation. a ten 
Fig. 6-B: Demonstrating appearance and blocking effect after operation on the left foot by the 
author’s technique. ; ; 
Figs. 7-A and 7-B: P. S. Photographs of a patient with extreme paralytic genu recurvatum, before 20 de 
and after operation. anky 
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TABLE V 
Fina REsutts AND LATE COMPLICATIONS IN Srx CASES OF 
ANTERIOR PHYSIOLOGICAL BLOCKING OF THE KNEE 

















Hyperextension | 
No. of Per Possible No. of Per 
Classification Cases cent. (Degrees) Complications Cases cent. 
Excellent 3 50 10 or less | Limitation of normal joint extension 1 16.6 
Good 2 33 11 to 15 Infection 0 
Fair 0 16 to 20 Ankylosis of the knee 0 
Poor 1 17 Extension | Arthritic changes in the knee 0 
limited 
TABLE VI 
FinaL Resuuts AND Late CoMPLICATIONS IN Srxty-EIGHT CASES 
oF PHysIoLoGIcaL BLOCKING OF JOINTS 
No. of Per No. of _ Per 
Classification Cases _ cent. Complications * Cases _ cent. 
Excellent 32 47.1 Postoperative deformity 10 14.7 
Good 25 36.8 Partial loss of blocking 5 7.4 
Fair 8 11.8 Overcorrection 2 2.9 
Poor 3 4.4 | Late pulmonary tuberculosis 1 1.5 





* No instances of joint ankylosis, infection, arthritic changes, or arthritic pain were ‘observed. 

normal joint mechanism and its anatomy by the introduction of extraneous blocking 
elements. 

3. The procedures may be carried out without damage to the joint itself. 

4. The epiphyseal cartilages remain unharmed, future growth disturbances being 
thus avoided. 

5. The blocking effect is more permanent than that obtained by other procedures, not 
based on the same principles. 


STATISTICAL DATA 


The end results of the first fifteen cases, in which anterior or posterior blocking of the 
ankle was carried out by the techniques already described, were presented by the author 
in 1938. A recent review of the statistics of the Poliomyelitis Service of the Mercedes 
Hospital has shown that, of the 781 operations carried out on the 1,123 patients registered, 
141 were done by the author’s techniques, to obtain physiological blocking of flail joints. 

In ankle-blocking the end results in cases with an adequate follow-up were judged as 
follows: 

Excellent: In this group solid triple arthrodesis of the tarsal joints was obtained; only 
10 to 12 degrees of plantar flexion was possible; weight-bearing was normal; and there was 
no pain on walking or motion. 

Good: These patients had plantar flexion of between 12 and 15 degrees; the heel was 
not prominent, but weight-bearing was otherwise normal; and no pain was present on 
motion or weight-bearing. 

Fair: In these cases plantar flexion, varying between 15 and 20 degrees, was possible ; 
a tendency to varus or valgus deformity was present; and there was no pain. 

Poor: In this group the blocking effect was lost or plantar flexion was possible beyond 
20 degrees. Complications included infection, osteo-arthritis of the ankle joint, deformity, 
ankylosis of the ankle, and pain on motion or weight-bearing. 
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Of the total number of joint-blocking operations performed in all joints by these 
techniques, the end results were good or excellent in 85 per cent. of the cases; in 4.4 per 
cent. they were poor. Only sixty-eight cases in which an adequate follow-up was possible 
are included in this total. Of these, twenty-eight patients had been operated upon from five 
to ten or more years ago. The statistical data are given in greater detail in Tables I to VI, 














































; i 
inclusive. Y 
CONCLUSIONS ade 
End results, obtained after twelve years of experience with techniques devised for Be: 
securing physiological blocking of flail joints, are presented. The author’s aim is todemon- | tio 
strate the advantages of these and similar techniques, which are based on physiological | rec 
restriction of a specific joint motion by alteration of the anatomical position or configura- | of | 
tion of the joint surface. pre 
The physiological blocking operations performed at the ankle and knee have shown tor. 
permanent satisfactory results, classified as either good or excellent, in 85 per cent. of cases fra 
for as long as twelve years following operation. tor 
Postoperative infections, ankylosis, or arthritis did not occur in any of the cases in exc 
this series. Th 
Late loss, either partial or complete, of the original blocking occurred in 7.4 per cent. fra 
of the cases reviewed. the 
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FRACTURES OF BOTH BONES OF THE FOREARM IN ADULTS * 


BY ROBERT A. KNIGHT, M.D., AND GEORGE D. PURVIS, M.D., MEMPHIS, TENNESSEE 


From the Campbell Clinic and the University of Tennessee, Memphis 


Fractures of the shafts of both bones of the forearm present specific problems, in 
addition to those difficulties which are common to all fractures of shafts of the long bones. 
Besides the necessity for regaining length, apposition, and axial alignment, normal rota- 
tional alignment must be regained, if a good range of pronation and supination is to be 
recovered. The chances for the occurrence of malunion and non-union are greater, because 
of the difficulties in reducing and maintaining the reduction of two parallel bones in the 
presence of the pronating and supinating muscles, which have angulatory as well as rota- 
tory influences. Because of these factors, the end results obtained in the treatment of these 
fractures have frequently left much to be desired, especially in adults where the compensa- 
tory growth changes of childhood are lacking, and where the ability to recover with an 
excellent functional result, in the face of only a fair anatomical result, is usually absent. 
The purpose of this study was to determine the results obtained in the treatment of these 
fractures in adults, to determine the causes of failure, and to make recommendations for 
the exact treatment of these fractures. 

One hundred cases of fresh fractures of the shafts of both bones of the forearm in 
adults (over fifteen years of age) treated by the Staff of the Campbell Clinic were studied. 
Colles’s fractures and fractures of the head of the radius and of the olecranon were ex- 
cluded from the study. The cases were grouped into the following categories, according 
to the method of treatment employed: 


ae eS oes 5 wb 4 mw geben hei a a RA epias 41 
Open reduction: 

Without rigid internal fixation..................... li 

EE ee ee ee eee eee er 20 

Wrens eee MONO GUNES. ... . ... 662 oc ccc ce cscsccss 15 

With intramedullary wires.....................6.. 11 59 
eee eee me ee era sitet armen ae tee 100 


Because of the variation in types and levels of fractures, the frequent occurrence of 
soft-tissue injury, and the presence of fractures elsewhere in the extremity or the body, 
it has been impossible to arbitrarily set up criteria based upon such factors as limitation 
of motion, loss of strength, and pain, by which to evaluate the end results in each case. 
Thus, in some cases with extensive soft-tissue injury in addition to the fractures, when 
making the final evaluation, limitation of motion as the result of scarring or loss of muscle 
or nerve function must be taken into consideration. 

In grouping the end results, the excellent and good results have been accepted as 
satisfactory, while the fair and poor results have been considered unsatisfactory. 

Early in the study, it became apparent that rotational alignment had been given 
considerably less attention than axial alignment and end-to-end engagement, both at the 
time of initial reduction and in the evaluation of the end results. Rotational alignment of 
the radius following fractures of the forearm has been briefly mentioned in the literature, 
but it was not until 1945 that Evans offered an accurate method of determining the rota- 
tional alignment by roentgenograms; Evans strongly re-emphasized the fact that any 
degree of error in rotational reduction would be followed by a corresponding limitation 
of pronation and supination of the forearm. In the past, it has been advised that fractures 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 27, 1949. 
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of the proximal thirds of both bones of the forearm should be immobilized in supination, 
those of the middle third in mid-position, and those of the lower third in either pronation 
or mid-position. These positions were chosen because of the anatomical arrangement and 
balance of muscle pull of the pronators and supinators of the forearm at the various levels. 
All cases in this series were studied in accord with Evans’s suggestion, the degree of re- 
sidual rotational deformity of the proximal radial fragment being determined. In a high 
percentage of cases, limitation of forearm rotation was found to correspond closely to the 
residual bony rotational deformity. As the study progressed, it was found that the end 
results regarding pronation and supination could be predicted with a surprising degree of 
accuracy from a study of the roentgenograms alone. 





Determination of the degree of rotation of the proximal radial fragment is based | 


upon the distinctive configuration of the proximal portion of the radius, particularly that 
of the bicipital tuberosity, the relationship of its cancellous portion to the shaft of the 
radius, and the shape of the bicipital curve of the radius. A calibration chart of the normal 
must be made with the forearm in varying degrees of pronation and supination, to deter- 
mine the rotational position of the proximal radial fragment. 

Evans has suggested that the ‘“‘tuberosity-view” roentgenograms be made with the 
following constant technique: An anteroposterior view of the elbow joint is taken with the 
tube tilted 20 degrees toward the olecranon. The tip of the olecranon is placed one-third 
of the way along the plate, with the elbow flexed to 90 degrees, care being taken that both 
condyles of the humerus are at the same level. In attempting a manipulative reduction of 
the fracture, a comparative ‘‘tuberosity view” of the opposite elbow should be made, if 
there is any question as to the rotational position of the proximal radial fragment. Reduc- 
tion of the fracture is then performed with the forearm in the position of rotation which 
corresponds to that of the proximal radial fragment, since the rotation of this fragment 
cannot be controlled, and the distal fragment must be brought into alignment with it; 
after the reduction, the forearm is immobilized in that position. If an open reduction is 
to be performed, in a case in which the radial fracture is comminuted, arrangements should 
be made for x-rays to be taken with a portable machine during the operation, should any 
question of rotational alignment arise. 


ANALYSIS OF RESULTS 


The end results have been unsatisfactory in a relatively high percentage of cases of 
fractures of both bones of the forearm in adults. In general, unless gross limitation of 
motion, gross deformity, or pain were present, the patients had little or no complaint. 
Limitations of extremes of pronation and supination were usually accepted by the patient, 
since abduction and internal rotation at the shoulder adequately supplemented mild 
limitation of pronation; and adduction and external rotation of the shoulder supplemented, 
to a lesser extent, limitation of supination. (One patient, a typist, complained specifically 
of inability to pronate the forearm sufficiently to place the fingers on the keyboard.) 
Pain was not present unless union was incomplete, or unless there was excessive bone 
proliferation which resulted in a painful bone block to rotation. 


Pronation was rarely limited to an appreciable degree, unless anterior angulation of | 


the radius resulted in a bone block; supination, however, was limited very frequently, 
due to the following causes, listed in order of frequency: (1) residual supination of the 
proximal radial fragment, due to incomplete reduction; (2) narrowing of the interosseous 
space, due to appositional angulation of one or both bones; (3) residual posterior angula- 
tion of the ulnar fracture, forming a bone block; and (4) derangement of the inferior 
radio-ulnar joint. 

Inferior radio-ulnar instability was found infrequently, despite the rather common 
finding of inferior radio-ulnar axial subluxation due to slight radial shortening. Clinical 
symptoms of pain and instability were ordinarily found only in the presence of apposi- 
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tional angulation of the radius or ulna, or of an associated fracture of the ulnar styloid 
process with non-union. In other words, a piston-like or axial subluxation of the inferior 
radio-ulnar joint was usually asymptomatic; but symptoms were present if there was 
anterior or posterior angulation of one of the two bones. 


MANIPULATION 


The results following manipulation were, in general, unsatisfactory. Of forty-one 
cases studied, there were three excellent, nine good, seventeen fair, and twelve poor 
results (or 29 per cent. satisfactory results and 71 per cent. unsatisfactory results). There 
were five cases of non-union, an incidence of 12 per cent.; in two of these, both bones 
were involved, and in three, the ulna alone was involved. Solid union required a longer 
period of time than is generally thought necessary, averaging four and one-half to five 
months. Narrowing of the interosseous space, angular deformity, and rotational deformity 
were present in a majority of the cases. It is obvious that better results would have fol- 
lowed open reduction and some form of internal fixation. In 60 per cent. of the cases, 
residual rotational deformity of from 25 to 60 degrees was present, the proximal radial 
fragment being supinated, with resulting proportional limitation of supination. This is 
true for fractures of the lower third, as well as for those of the middle third and upper 
third. In the lower third, the pull of the pronator quadratus resulted in appositional 























Fig. 1-A Fig. 1-B 
August 27, 1940 January 31, 1941 


Oblique fractures of the middle thirds of both bones of the forearm are shown. Manipulative reduc- 
tion was unsatisfactory, because of failure to obtain engagement of the radial fracture or to correct 
rotational deformity of the radius of 90 degrees. There was subsequent loss of interosseous space; 
supination was absent. Primary open reduction of both fractures should have been done, with applica- 
tion of plates or onlay grafts. 
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Fia. 2 
Angulation of radius and ulna during period of cast immobilization is illustrated. A: Immediately 
after reduction, cast fits snugly. B: Atrophy of forearm muscles has taken place, with consequent loosen-. 
ing of cast in upper half of forearm. C: Cast has sagged while still holding distal fragments firmly,thus 
angulating radius and ulna. D: Method of suspending cast by sling, as advised by Patrick. 
angulation, narrowing of the interosseous space, and a resultant loss of supination; in 
addition, the proximal radial fragment was usually in some degree of supination. 

Fractures of the middle third also gave unsatisfactory results in most instances. It is 
even more difficult to obtain and maintain a satisfactory reduction in these and the frac- 
tures in the upper third and, if there is comminution or obliquity of one or both bones, 
open reduction is usually necessary (Figs. 1-A and 1-B). The rotational alignment must 
be checked, involving the making of comparative tuberosity-angle views of the opposite 
normal elbow, if necessary, so that the forearm may be reduced in the proper rotational 
alignment. If the fractures are transverse, an attempt at manipulative reduction appears 
justified; but, unless a stable anatomical reduction can be obtained, open reduction and 
internal fixation should be resorted to without delay. 

No accurate correlation of rotational deformity to the level of fractures could be 
made; but it appears, from the results of this study, that, in most fractures of both bones 
of the forearm in adults, the arm should be immobilized in a position of supination follow- 
ing manipulative reduction. 

Patrick pointed out that one of the causes for angulation of the radius during im- 
mobilization in plaster is that the weight of the cast is largely supported by a sling at the 
wrist (Fig. 2,4). The muscle bellies of the forearm are located chiefly in its upper half, 
while in the lower half the bones are largely surrounded by tendons. Consequently, as the 
muscles in the proximal half of the forearm become atrophied, the cast becomes loose and 
sags, while the distal halves of both bones remain relatively firmly immobilized, and con- 
sequently angulation may occur (Figs. 2,B and 2,C). Patrick advised that a sling be in- 
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Fig. 3-A Fig. 3-B 
May 5, 1932 October 4, 1932 


Unsatisfactory result following open reduction of comminuted fractures in the middle third is shown. 
No internal fixation was applied to ulna; wire loop was applied to radius. Note residual rotational 
deformity of radius, approaching 90 degrees of supination. 
corporated in the plaster just below the elbow, for suspension (Fig. 2,D). The authors 
have had no personal experience with this method, but Patrick has had no difficulty with the 
development of angulation of the radius since he adopted this method of cast suspension. 


OPEN REDUCTION 

Open Reduction without Rigid Internal Fixation 

In earlier years, simple open reduction without internal fixation was employed, if the 
fractures were stable after reduction. If there was comminution or obliquity of either 
fracture, internal fixation, such as a figure-of-eight wire or a catgut suture, was placed 
across the fracture site. Thirteen cases in this series were treated by this method, with 
two good, six fair, and five poor results. In other words, approximately 85 per cent. of 
these were unsatisfactory. Angulation and displacement with associated cosmetic and 
functional disturbances of varying degrees were the cause of unsatisfactory results.in most 
instances. Residual rotational deformity was present in several cases, despite the fact 
that the fractures were reduced under direct vision, emphasizing the fact that rotational 
alignment has not always been restored at the time of open reduction (Figs. 3-A and 
3-B). In this group of thirteen cases, there were two instances of delayed union, and non- 
union of one or both bones occurred in six of the thirteen cases. This method of treatment 
would thus appear to be inadequate and unsatisfactory. If open reduction is performed, 
rigid internal fixation of both bones should be employed, even though the fragments can 
be firmly locked together by good serrations. End-to-end engagement alone will not 
guarantee maintenance of alignment. 


Open Reduction and Plate Fixation 

This method was employed in twenty instances with the following results: six excel- 
lent, one good, five fair, and eight poor (or 35 per cent. satisfactory results and 65 per cent. 
unsatisfactory results). In this group of twenty cases were two instances of delayed union 
of the ulna, one of delayed union of the ulna with non-union of the radius, and three of 
non-union of the ulna alone. These complications were the result of the use of plates or 
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Fig. 4-A Fie. 4-B Fia. 4-C 
May 18, 1945 June 8, 1945 September 28, 1948 tl 


Primary onlay grafts to both bones, with excellent end result. Note screws used to transfix comminuted el 
radial fragment. Consolidation was complete in twelve weeks. gi 
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Fig. 5-A Fia. 5-B Fie. 5-C Fie. 5-D 
August 21, 1943 September 7, 1943 October 14, 1943 January 4, 1944 


Comminuted fractures of both bones. Primary onlay grafts have been applied, with accessory can- 
cellous bone. Note failure to correct rotational deformity of radius of 80 degrees, and uncorrected nar- 
rowing of interosseous space. Accessory cancellous bone is a major factor in the production of synostosis. 

screws of inadequate length, absorption at the fracture site, or failure of union of a com- 
minuted fracture. The excellent results followed open reduction and plating of simple 
oblique or transverse fractures. In three of the twenty cases, residual rotational deformity 
of the radius occurred, despite reduction of the fracture under direct vision. 





Cpen Reduction with Primary Onlay Grafts 


Since 1942, in an effort to treat fractures of the shafts of both bones of the forearm 
in adults in a more definitive manner, primary onlay bone grafts have been used in se- I 
lected cases. In the same year, Kellogg Speed reported its use. 


THE JOURNAL Of BONE AND JOINT SURGERY VOI 














rm 


ERY 


FRACTURES OF THE FOREARM IN ADULTS 761 


Primary grafting has been employed in fifteen cases with six excellent results, three 
good results, one fair result, and five poor results. In all instances of fractures in the middle 
third, where onlay grafts were applied to both bones, satisfactory results were obtained 
(Figs. 4-A through 4-C). In two instances, a graft was applied to the ulna and a single 
screw was inserted across an oblique radial fracture; in both cases, the ulnar fracture 
healed satisfactorily, but the radial fracture angulated toward the ulna with resultant 
narrowing of the interosseous space and malunion. In three cases, where there was com- 
minution of both bones in the proximal third, onlay grafts were applied and cancellous 
bone was placed about the fracture sites. In two of the three cases, both grafts fractured 
with resulting angulation and synostosis; in the third case, the grafts were applied with 
the radius in poor alignment and with narrowing of the interosseous space. Here, too, 
synostosis ensued (Figs. 5-A through 5-D). It is evident, first, that, if primary grafts are 
employed, they should be applied to both bones; and, second, that cancellous bone packed 
about the fracture site, particularly in fractures of the proximal third of the forearm, may 
lead to a synostosis. It is now advised that a ‘‘bone plate” of cortical bone be employed, 
the graft being at least six times the diameter of the shaft in length and two-thirds its 
diameter in width. It should be beveled at each end and fixed with four or more screws. 
Any large comminuted fragment should be fixed with an additional screw to either the 
proximal or the distal fragment. 

In this series, homogenous bank bone has been employed in four instances; although 
the series is too small to permit any conclusions as to its value as compared with autog- 
enous bone, the results have been as satisfactory. The use of bank bone makes a primary 
graft of both bones as simple a procedure and of no greater magnitude than the plating 
of both bones. 




















————EEEES 


Fra. 6-A Fia. 6-B Fic. 6-C 
February 21, 1947 July 3, 1947 November 27, 1948 
Compound fractures of both bones with severe soft-tissue injury. Intramedullary fixation has not 
maintained anatomical position of radius, but has maintained good general position and alignment for 
secondary reconstructive procedures. The screws which are still present in the radius caused no symptoms 
and, at the patient’s request, were not removed. 
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Fig. 7-A Fig. 7-B Fie. 7-C 
August 24, 1947 October 4, 1947 March 19, 1948 


Severe bone and soft-tissue injury. Ulnar wire should have been introduced farther down medullary 
canal and should not have been allowed to protrude through skin over olecranon. Wire was removed 
before consolidation was complete. Subsequent angulation of radius is not prevented by intramedullary 
Kirschner wire. 

In the cases in which primary onlay bone grafts were employed, union was complete 
in an average of ten to twelve weeks. Thus, it would appear that consolidation takes place 
more rapidly following primary grafting than with the use of other methods. 


Open Reduction and Intramedullary Fixation 

Intramedullary wire fixation was used in eleven cases in this series; actually, it has 
been employed in a total of approximately thirty-five cases of forearm fractures, but the 
other cases were unsuitable for study because of inadequate follow-up. This form of 
treatment was used in those cases in which the forearms were severely traumatized and 
the fractures were comminuted, often presenting double fractures of either the radius or 
ulna (Figs. 6-A through 6-C). This form of fixation was used in these cases of segmental 
fracture because plating or grafting, even though otherwise feasible, would have required 
sufficient soft-tissue stripping to endanger the viability of the intermediate fragment. 
There were two excellent, three good, three fair, and three poor results in this group. The 
average time required for union was four and one-half to five months, comparable to the 
length of time required for union of fractures treated by manipulation. The causes of 
unsatisfactory results were: (1) failure to maintain correct rotational alignment of the 
radius; (?) angulation in cases where a single Kirschner wire was used in a double fracture 
of the radius; (3) angulation at the fracture sites, due to too early removal of internal and 
external fixation; and (4) non-union (Figs. 7-A through 7-C). 

Although no definite evaluation of intramedullary fixation in forearm fractures can 
be made from these cases alone, our experience with the method has brought out several 
valuable points. The fixation afforded by an intramedullary wire or nail in ulnar fractures 
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is much more satisfactory than that in the radius, since its medullary canal is relatively 
straight and the wire or Kiintscher nail can easily be inserted through the olecranon. The 
intramedullary wire or nail is inserted in the radius with difficulty, however, since it must 
be inserted through the radial styloid process or through a large drill hole on the dorsum 
of the radius in the vicinity of Lister’s tubercle. The wire or nail must then pass into the 
medullary cavity obliquely; and, if it does not follow the normal curve of the bone, the 
radius will be straightened to some extent, with consequent narrowing of the interosseous 
space. The Kirschner wire has proved to be easy to insert, but does not have sufficient 
stability to prevent rotation or appositional angulation of the radius. This has been found 
particularly true in double or sectional fractures of the radius. In fractures of the lower 
third of the radius, the use of the Kiintscher nail is practical, since the nail does not have 
to be introduced the entire length of the radius. However, in certain segmental fractures 
of the radius, it is safer to use intramedullary Kirschner wires, even though they do not 
perfectly maintain the fracture, than to strip the shaft of the radius the required extent 
for grafting or plating, with consequent risk of devitalizing a short segmental fragment. It 
is possible that the employment of two or more Kirschner wires, as utilized by Lam- 
brinudi, may prove more satisfactory for maintaining radial fractures than a single wire. 

Severe compound fractures can be fixed with intramedullary wires without markedly 
increasing the danger of dissemination of infection along the medullary canal or massive 
sequestration, if the fundamental surgical principles of thorough irrigation and débride- 
ment, followed by adequate chemotherapeutic and antibiotic therapy, are observed. Even 
in those cases in which non-union resulted, this method has had the advantage of main- 
taining length and alignment, greatly simplifying secondary reconstructive procedures. 

Both internal and external fixation must be maintained until all fractures are shown 
roentgenographically to be consolidated, for clinical determination of consolidation is 
obviously unreliable. Despite the presence of intramedullary fixation, resumption of func- 
tion before bony consolidation is complete may cause delayed union with excess callus 
formation or even non-union. 


RECOMMENDATIONS 


As a general rule, it is advocated that oblique or comminuted fractures of both bones 
of the forearm be treated by open reduction and internal fixation. Transverse fractures 
may be manipulated; but, if a stable reduction with anatomical alignment of all fragments 
‘vannot be obtained, one should then proceed to open reduction without delay. In frac- 
tures of the upper third, it is difficult to obtain anatomical alignment except by open 
reduction. When open reduction has been delayed, it is difficult to reduce the fractures, 
particularly as far as rotational alignment is concerned. If the fracture is reasonably fresh, 
the serrations of the bone ends can easily be fitted into their proper niches, to ensure cor- 
rect rotational alignment. If there is comminution, a primary graft of proper size should 
be applied. In fractures of the lower third, it is reeommended that some form of internal 
fixation be employed. An intramedullary ulnar wire introduced through the olecranon, 
and a Kiintscher nail inserted into the radius from its distal portion, will maintain position 
and alignment adequately. 

The approach employed in open reduction of the ulna presents no problem, since the 
bone is subcutaneous throughout its length. In the upper and middle thirds, the plate or 
graft should be applied to the dorsal surface of the bone, in order not to block pronation; 
while, in the lower third, the plate or graft should be placed on the volar surface, beneath 
the flexor muscles, rather than on a superficial surface. The approach to the radial shaft, 
however, is less simple. In the upper third, where the supinator must be elevated, the 
anterior approach of Henry permits easy elevation of the supinator muscle from its inser- 
tion, without endangering the deep branch of the radial nerve. In the middle third, the 
posterior approach of Thompson is suitable; or, if preferred, Henry’s anterior approach 
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may be made. There is little danger of injuring a part of the radial nerve below the upper 
third, since the nerve is sensory_in character distal to this point. In the lower third, the 
distal portion of Henry’s approach, as advised by King, should be employed. An an- 
terolateral incision is made over the lower third of the forearm, which permits application 
of the plate or graft on the flat flexor surface of the radius beneath the flexor muscles. 

The screws should not protrude beyond the opposite cortex; the use of screws which 
are too long may cause irritation and limitation of supination or pronation. 

When open reduction is done, a tourniquet should be used; before the incisions are 
closed, the tourniquet should be removed and hemostasis secured. This is advisable regard- 
less of the site of fracture; but it is imperative, if the anterior approach of Henry to the 
upper third of the radius has been employed. In one case in this series, Volkmann’s con- 
tracture resulted from failure to ligate the recurrent branch of the radial artery. In closing 
the wound, the deep fascia should be snugly sutured, in order to prevent depression of the 
operative scar. In all cases of fractures of the shafts of both bones of the forearm, a snug 
plaster-of-Paris cast, extending from the axilla to the distal palmar crease, with the elbow 
flexed to 90 degrees, should be employed until all fractures are shown to be consolidated, 
both clinically and roentgenographically. 

CONCLUSIONS 

1. An end-result study of 100 cases of fresh fractures of the shafts of both bones of 
the forearm in adults has revealed a high incidence of unsatisfactory results. 

2. {mproper rotational alignment is an important causative factor in a high per- 
centage of poor results. 

3. Transverse fractures in the middle and lower thirds of both bones of the forearm 
may, in some instances, be satisfactorily reduced by closed manipulation, if reduction is 
performed with correct rotational alignment. 

4. Fractures of the upper third of the forearm, and oblique or comminuted fractures 
at any level in the forearm, are best treated by open reduction and rigid internal fixation 
of both bones. 

5. Simple transverse and oblique fractures of the shafts may be plated; but com- 
minuted fractures of the shafts are most satisfactorily treated by primary bone-grafting. 

6. Intramedullary fixation is a very satisfactory method of maintaining the reduction 
and alignment of complicated fractures of the shafts of both bones of the forearm, par- 
ticularly where there is major soft-tissue injury and where other methods of internal 
fixation, such as plating and primary grafting, are contra-indicated. 

7. External plaster fixation must be maintained until union is clinically and roent- 
genographically complete, regardless of the type of internal fixation employed. 
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THE EXPERIMENTAL PRODUCTION OF ECTOPIC CARTILAGE 
AND BONE IN THE MUSCLES OF RABBITS * 


BY JOHN H. HEINEN, JR., M.D.,** G. H. DABBS, B.S., AND H. A. MASON, B.S., CHICAGO, ILLINOIS 


From the Division of Orthopaedic Surgery of the Department of Surgery 
and from the Department of Physiology, University of Chicago 


A specific osteogenetic substance has been hypothesized by several investigators in 
the last decade. Levander obtained cartilage or bone, or both, in 23 per cent. of seventy 
rabbits by injection of alcoholic extracts of autologous bone or fracture callus into the 
rectus femoris muscle. Injections into sixty animals of alcohol alone and into twenty 
animals of alcoholic extracts of connective tissue, striated, or smooth muscle, all yielded 
negative results. 

Annersten demonstrated chondrogenesis or osteogenesis in half of the rabbits in- 
jected with concentrated homologous extracts and in one-fourth of those injected with 
heterologous extracts (calves’ bones). On the basis of one positive result of ten tests with 
homologous extract of kidney, and one positive result of six tests with dialyzed urine of 
rabbits, Annersten supported the hypothesis of Levander that an osteogenetic substance 
circulates in the blood and is excreted by the kidneys. He obtained four positive results 
among a large series of controls. 

Bertelsen compared alcoholic extracts of whole bone with those of marrow, cortex, 
epiphysis, and periosteum. In a total of sixty muscles in thirty-three rabbits, he obtained 
twenty-nine positive results (48 per cent.). Extracts of bone marrow were distinctly 
superior (83 per cent. positive) to the other fractions. Among forty-one control experi- 
ments with extracts of several tissues, one positive result was obtained with extract of liver. 

Lacroix "|" obtained cartilage, bone, and hematopoietic marrow forty-one days after 
the injection of alcoholic extracts of epiphyses of newborn rabbits into the thigh muscles 
of other rabbits. He emphasized that his extracts of epiphyses that were largely carti- 
laginous produced chondro-osseous tissue which resembled more closely a bone than that 
obtained by other workers who had extracted bone or cartilage of older animals. He sug- 
gested that the hypothetical substance be called ‘‘osteogenin’”’ and was challenged by 
Levander and Willstaedt, who claimed that prior discovery had been reported. 

Rendano obtained cartilage in one of twenty-two rabbits with extracts of bone; six 
controls injected with 40 per cent. alcohol were negative. 

Martin Lagos and Zarapico Romero obtained cartilage and bone, either alone or in 
combination, in seven of eighty-seven rabbits (8 per cent.) following injection of 40 per 
cent. alcohol into the rectus femoris. They concluded that the action of an osseous extract 
was not necessary for obtaining positive results. 

Blum reported that injection of a mixture of phosphatase, glycerophosphate, and 
alginate gel into the rectus femoris of rabbits led to the formation of ectopic bone after 
thirty-five days, whereas no bone was obtained with the alginate gel alone. 

The initial purpose of the present investigation was the substantiation of the results 
of Levander and of Annersten. When it became evident early in the course of the work 
that positive results could be obtained in an appreciable number of animals following in- 
jection of alcohol alone, the aim was redirected from a study of extracts to a study of the 
factors modifying the results with alcohol alone. Some animals were injected with calcium 
chloride, since the alginate gel-phosphatase mixtures of Blum contained this irritant. The 
investigative routine adopted and the results obtained are presented here. 

* This investigation was supported in part by a research grant from the Division of Research Grants 


and Fellowships of the National Institute of Health, United States Public Health Service. 
**Fellow in Orthopaedic Surgery of the National Research Council. 
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TABLE I. 
om RABBIT|SEX] AV. | SUBSTANCE TRICEPS QUADRICEP 
AGE NO. NO. NO. NO. 
NO. | DATE | NOS. |M,F/MOS| INJECTED] MUSC* POS.|MUSC. POS. 
3 |lo- 8-46 24-37 | 5,9] 3-4 |EXTR MUSC| 6 5 4 fr) 
1 EXTR. BONE 5 2 7 2 
S ae 3,3 | 3-5 [40% ALC.-HCL 6 6 6 12) 
| + | 40% ALC. 6 2 5 fe) 
5 |l2-28-46 44-49 | 3,3] 5 
EXTR.BONE 6 2 6 1 
_ | 40% ALC. 3 2 3 | 
6 }/2-6-47| 50-53 | 3,! 2 
BLOOD fe) te) ce) ie) 
40% ALC. 7 4 
7 je 22-47 54-62 | 5,4 |3-4 
2% CACLo 8 | 8 
40% ALC. 7 3 8 2 
8 2-28-47] 63-70 14,4] 3 
2% CACLo 6 fe) K 1 
40% ALC. 8 6 10 ¥ 
9 4-2-47) 71-81 |8,3 f-ll4 
1% CACLo 10 1 10 2 
1% CACLo 3 fe) 3 2 
10 |/4-3-47] 82-84 | 1,2 |I-l1/4 
1% NH{CL Oo 1@) 






































* CONTAINING MACROSCOPIC LESIONS NOT GROSSLY INFECTED. 


Pos. = positive. Extr. = extract. 


PROCEDURE 

A summary of the experiments is given in Table I. Experiments | and 2, which are 
considered preliminary, are not included. The rabbits used were derived from mixed New 
Zealand and Flemish strains, and were maintained on a ration of complete rabbit chow, 
supplemented several times weekly with raw carrots and lettuce. 

The substances injected were prepared as follows: 

1. Extracts: The extracts used in Experiments 3 and 5 were prepared according to the 
method of Annersten. The long bones were excised from freshly killed rabbits (approxi- 
mately three months old in Experiment 3, and tive months old in Experiment 5), and were 
crushed to a pulp in a hand mill. A tissue mincer was used to prepare the pulp for the 
extracts of skeletal muscle. About 2.5 cubic centimeters of extraction fluid (100 cubic 
centimeters of 95 per cent. alcohol plus 5 cubic centimeters of tenth-normal hydrochloric 
acid) was added to each gram of pulp and the mixture was rotated in a gentle shaker for 
about twenty hours (some at room temperature, some at 1 degree centigrade). The mix- 
ture was centrifuged; the supernatant fluid was decanted and concentrated to about one- 
half its volume in an air stream at 32 to 35 degrees centigrade (Experiment 3) or in a 
vacuum desiccator (Experiment 5). In Experiment 5, the extract was passed through a 
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Seitz filter prior to concentration. The concentrated extracts were mixed with an equal 
volume of normal saline immediately before injection; from 3 to 5 cubic centimeters of 
this mixture per muscle was injected. 

2. Alcohol: Commercial 95 per cent. ethanol was diluted to 40 per cent. by volume 
with sterile distilled water. In Experiment 4, the alcohol was acidified with hydrochloric 
acid (190 cubic centimeters of 40 per cent. alcohol plus 5 cubie centimeters of tenth- 
normal hydrochloric acid). 

3. Calcium Chloride: One or 2 per cent. aqueous calcium chloride was sterilized by 
autoclaving. 

4. Autogenous Blood: In Experiment 6, blood was obtained by sterile heart puncture, 
and was injected intramuscularly before it clotted. 

5. Ammonium Chloride: Sterile 1 per cent. ammonium chloride was employed in 
Experiment 10. 

The various substances were injected under sterile precautions by multiple-puncture 
infiltration into the triceps and quadriceps. A different 22-gauge needle was used for each 
muscle, and contact with the skeletal system was avoided. In Experiment 3, the needle 
was inserted mainly into the mid-portion of the muscle; in Experiments 4 and 5, mainly 
into the distal portion. In Experiments 6, 7, and 8, it was inserted in half of the animals in 
the mid-portion, in half, in the distal portion; while in Experiments 9 and 10, the single 
injection was made into the mid-portion. Although not specifically stated by Levander or 
Annersten, it is likely that the rectus femoris muscle which they injected was the second 
or posterior portion of the rectus femoris, as described by Bensley. Martin Lagos and 
Zarapico Romero, on the other hand, stated that they injected into the anterior rectus 
muscle of the thigh. We have in our later experiments attempted to infiltrate especially 
the second or posterior portion. However, it was evident from the extent of the lesions and 
from roentgenographic studies, made after intramuscular infiltration with radio-opaque 
material (diodrast), that considerable spread of the injected substance throughout the 
muscle occurs regardless of the primary site of injection. In view of this, the location of the 
lesions should be given more emphasis than the location of the injection site. 

The duration was considered the period from the first injection (or pre-injection) of 
an irritant solution into the muscles to the time the muscles were excised. This period 
varied from nineteen to thirty days (with an average of twenty-five). The earlier and 
later stages of the reactions have not been studied in this investigation. 

After sacrifice of the animals, the muscles were examined roentgenographically in 
situ and after excision. Transverse incisions were made about 5 to 8 millimeters apart and 
extending almost through the muscle. Fixation in Zenker-formol mixture for twenty-four 
hours was followed by washing for twenty-four hours in running tap water. Slices, 2 to 5 
millimeters thick, were numbered consecutively from the insertion of the muscle. The 
slices were stored in 70 per cent. alcohol and placed in water for several hours prior to 
sectioning. Tissues which roentgenographically seemed to contain bone were usually 
decalcified in 6 per cent. sulphosalicylic acid for forty-eight hours, and then washed in 
water for twenty-four hours. From each slice, sections of about 25 to 50 micra in thickness 
were cut on a freezing microtome. These were mounted from 50 per cent. alcohol onto 
slides, previously covered with a thin film of 2 per cent. gelatin. The sections were stained 
with Wright’s stain (1.5 grams of Wright's stain in 500 cubic centimeters of absolute 
methyl alcohol), dehydrated, cleared in xylol, and mounted in clarite. 

RESULTS 

The lesions were usually visible grossly as necrotic areas in the muscles, often chalky 

in appearance, firm to palpation, and opaque to transillumination. In some instances, 


discrete, hard nodules were palpable which proved to be chondro-osseous tissue. Gritty 
material frequently was encountered by the knife when slicing the fresh muscle. 
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Fic. 1-A 
_ Experiment 6, Rabbit 50. Cartilage occurring in the left triceps twenty-three days after a single 
injection of 40 per cent. alcohol ( 90). New bone can be observed at the lower right margin of the 
cartilage ; endochondral replacement has begun in the central portion. Celloidin section, stained with 
hematoxylin and eosin. 




















Fic. 1-B 


Cartilage occurring in the left triceps of the same rabbit, twenty-three days after a single injection 
of 40 per cent. alcohol (X 110). Cartilage cells, often isolated, can be seen in the connective tissue 
between the muscle fibers. Celloidin section, stained with hematoxylin and eosin. 
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The histological appearance was that which is seen after the injection of any necro- 
tizing or irritating solution. Centrally, in the more severely injured regions, the muscle 
fibers and the connective tissue lying between them were necrotic. No nuclei were visible 
in the pink-staining muscle fibers, and there was no evidence of proliferation of connective 
tissue here. Peripherally, where the damage was less, there was a widespread proliferation 
of connective tissue which extended between the muscle fibers. Here, some of the muscle 
fibers were necrotic and some were calcified; some showed multinucleate giant cells, while 
others appeared normal. Nodules of fibrous tissue, such as those seen in the organizing 
stage of granulation tissue, were observed frequently where the lesion had involved the 
fasciae, tendons, or larger intermuscular septa. 

Cartilage occurred in the newly proliferated connective tissue, either as discrete 
nodules of hyaline cartilage (Fig. 1-A) or as aggregations of isolated, encapsulated carti- 
lage cells (Fig. 1-B). The cartilage was situated between the muscle fibers, adjacent to the 
dense fasciae or tendons or, occasionally, within the dense fascia. Endochondral ossifica- 
tion was observed frequently. After injection with alcohol alone or with calcium chloride, 
intramuscular nodules of chondro-osseous tissue were produced (Fig. 2-B). Enchondral 
replacement of these cartilage nodules by bone may produce a structure resembling the 
cortex and medulla of a tubular bone. Hematopoietic and fatty marrow often are present. 

Granular, crystalline deposits of lime salts, identified by the von Kossa method, were 
often observed. Such deposits were found in muscle fibers, in nodules of connective tissue, 
in the dense fasciae, and in the subcutaneous tissue. There appeared to be no mutual de- 
pendence between these deposits of lime salts and the newly formed cartilage and bone, 
although the two were occasionally observed in juxtaposition. 

The reactions after injection of calcium chloride differed from those following alcohol 
(in the concentrations compared) mainly in the degree of necrosis. The calcium chloride 
produced more necrosis, and was followed by more intense calcification. No radio-opacity 
was observed immediately after infiltrating a muscle with 2 per cent. calcium chloride. 

In Table I, the experiments have been summarized and the number of muscles satis- 
factorily injected (that is, without gross suppuration) have been compared with the 
number of muscles which were positive (that is, contained pre-cartilage, cartilage, or 
bone). After the injection of alcohol alone, twenty-three of thirty-seven triceps (62 per cent.) 
and twelve of forty quadriceps (30 per cent.) were positive. Two of twenty-seven triceps 
and seven of twenty-nine quadriceps were positive after injection of calcium chloride. 

The relationship of the histological sections to the origin and insertions of the muscles 
is diagrammatically represented in Tables II and III, the location of cartilage and bone 
being superimposed upon the extent of the lesions. There was a greater tendency for pre- 
‘artilage, cartilage, or bone to lie nearer to the origin and insertion of the muscles than in 
the mid-portion. No instance of direct connection of the newly formed bone with the 
skeleton was observed. While the tables depict only the muscles which were positive, there 
were many others with fibrous proliferation but not cartilage or bone formation. 

In Experiments 9 and 10, the cartilage or bone which formed proximally in the mus- 
cles occurred more frequently in certain locations. In eight muscles (six rabbits), bone or 
cartilage was found in, or adjacent to, the posterior portion of the rectus femoris, next to 
the dense, vertical fibrous septum situated in the mid-portion of the muscle. Similarly, 
the fascia which surrounds the muscle was a favorite site for chondrification (Fig. 2-B). 
In six, cartilage or bone was located in the long head of the triceps. Five of these showed 
chondro-osseous metaplasia near the dense fascia on the medial border of the muscle. 

The sex of the animals appeared to have no relationship to the incidence of pre- 
artilage, cartilage, or bone formation. Satisfactory lesions (the various irritants listed in 
Table I being used) were produced in ninety-one muscles in male animals, with thirty 
positive results (33 per cent.). Of seventy-six muscles in females, twenty-six positive 
results (34 per cent.) were obtained. 
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PG= PRECARTILAGE. M=MILD LESION. EX.M.«EXTRACT OF MUSCLE. 
C = CARTILAGE. N=NO LESION. EX.B.s EXTRACT OF BONE. 
B =BONE. CJ «NOT SECTIONED. ALC. =40% ALCOHOL. 
» GOOD LESION. AC. ALC.= HCI - ALCOHOL. 


Diethylstilbestrol, administered intramuscularly every other day in 2-milligram doses, 
did not influence the production of metaplastic cartilage and bone. Eleven of thirty-six 
animals so treated (31 per cent.) had positive results. In the control animals, thirteen of 
thirty-seven (35 per cent.) had positive results. The amount of cartilage or bone was the 
same in both groups. 

In general, young animals tended to form larger and more widespread areas of meta- 
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Fic. 2-A 


Experiment 9, Rabbit 81. Two nodules of chondro-osseous tissue are evident in the proximal 
portion of the left quadriceps. Intramuscular and subcutaneous calcifications are especially evident 
in the right limb. Roentgenogram taken twenty-eight days after the injection of 40 per cent. alcohol 
on the left and 1 per cent. calcium chloride on the right. The histological appearance of the two 
nodules is shown in Fig. 2-B. 

















Fic. 2-B 


Large nodule of chondro-osseous tissue (X 11) in the proximal end of the posterior portion of the 

rectus femoris, occurring twenty-eight days after one injection of 40 per cent. alcohol. — nodule 

j lies adjacent to the dense fibrous septum which extends down the middle of this muscle. A smaller 
nodule is seen in the contiguous muscle. Frozen section, Wright’s stain. 


plastic cartilage and bone. In Experiments 6, 9, and 10, the animals were less than two 
.onths old, and were appreciably smaller than those in the other experiments. Of fifty 
muscles with adequate lesions, twenty-one gave positive results (42 per cent.). On the 
other hand, of 117 muscles in the older animals, thirty-five positive results (30 per cent.) 
were obtained. 
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Forced exercise of animals after injection of the irritant substances increased the in- 
cidence of bone and cartilage formation; also, the amount of chondro-osseous substance 
tended to be greater in the exercised animals. In Experiments 7, 9, and 10, some of the 
animals were exercised in a rotating cylindrical cage. Of thirty-nine adequately injected 
muscles in the exercised rabbits, eighteen (46 per cent.) gave positive results, as compared 
with eight of thirty-five (23 per cent.) for the non-exercised controls. From Tables II and 
III, the widespread incidence of cartilage and bone in the muscles of some of the exercised 
animals can be noted. In animal 57, which was exercised intensively, both triceps and 
quadriceps contained cartilage, either alone or in combination with bone, which was more 
widely distributed in multiple foci than was seen in any other experiment. 

DISCUSSION 

On the basis of the results of these experiments and those cited from the literature, 
the existence of a specific osteogenetic substance in alcoholic extracts of cartilage and bone 
has not been established. Cartilage or bone has been obtained by the injection of non- 
specific substances. Although Levander, Annersten, and Bertelsen obtained no bone or 
vartilage in animals injected with alcohol alone, Martin Lagos and Zarapico Romero 
obtained positive results in seven of eighty-seven rabbits (8 per cent.). Annersten obtained 
positive results in one animal injected with extract of tendon; in one, with extract of 
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muscle; and in two, with a calcium-phosphorus-alcohol mixture. Bone and cartilage oc- 
curred in one of Bertelsen’s controls which had been injected with extract of liver. In the 
experiments reported here, cartilage and bone, alone or in combination, were produced in 
twenty-three of twenty-seven triceps (62 per cent.) and in twelve of forty quadriceps (30 
per cent.) by the intramuscular injection of alcohol alone.* 

The criteria for positive results have not been uniform among workers in this field. 
Many of the illustrations of Levander and Annersten show unmistakable mature carti- 
lage and bone. Annersten presents an illustration (page 41), showing a transition stage be- 
tween young connective tissue and early cartilage. For the calculation of positive results, 
he does not state at what stage in this transition he considered a tissue to be cartilage. 
Such a decision is often difficult. Bertelsen, who obtained cartilage or bone in twenty-nine 
of sixty injected muscles, states (page 165): “‘The changes, however, were as a rule limited 
to small islands or streaks in the excised tissues; they were sparse, but still very charac- 
teristic. Apart from one or two cases, however, the cartilage found was not ‘mature’, 
large-celled, but small-celled of foetal type with connective-tissue-like cells.”” In our sec- 
tions, too, there appeared an intermediate tissue in which the matrix took a pale blue- 
green color with Wright’s stain and was larger in amount than in typical fibrous tissue. 
This tissue was similar to early cartilage, and was often seen near areas of mature cartilage. 
However, since it was also observed often in these muscles without mature cartilage, it 
has not been considered ‘“‘pre-cartilage”’ in evaluating results. Early capsules have been 
evident in the tissue we have classified as ‘‘ pre-cartilage”’. 

While the mechanism of this reaction is completely unknown, all workers agree that 
injury sufficient to cause proliferative repair is essential. Levander * obtained negative 
results in ten muscles injected with aqueous extracts of bone. Oily extracts, which caused 
little cellular proliferation, proved negative for Annersten. In our experiments, autogenous 
blood, which was resorbed with very little reaction, vielded negative results. Levander and 
Annersten emphasized the necessity of obtaining sufficient organizing connective tissue; 
and, in testing many of their extracts, they used a “‘pre-injection”’ of 40 per cent. alcohol 
to obtain this. Likewise, all agree that extensive necrosis, especially if accompanied by 
suppuration, is detrimental to the formation of ectopic bone and cartilage. Annersten has 
emphasized this point. In spite of extensive proliferation of connective tissue at the periph- 
ery of abscesses, bone and cartilage did not form in such regions in any of our animals. 

It is self-evident that a minimal amount of time must elapse following the injury for 
bone or cartilage to appear. Although Annersten reported three positive results at eight, 
nine, and eleven days, by far the majority of his positive results were obtained in animals 
killed seventeen days or longer after injection. The sacrifice of his controls injected with 
alcohol alone, or with alcoholic extracts of autoclaved bone, ten days after injection (with 
negative results), may have allowed too short a time interval. Levander did not state the 
time intervals for any of his controls, all of which were negative. 

Whereas the age of the animals is an important consideration in evaluating results, 
neither Annersten nor Levander stated the age or weight of the test rabbits used. Anner- 
sten did mention that the extracts were prepared from rabbits three to six months old. 

We have observed cartilage remnants in all instances in which bone was found, and 
have never observed bone alone. Therefore, we believe that the primary tissue found in 
this intramuscular ossification is cartilage, with subsequent appearance of bone both by 
endochondral replacement and by intramembranous ossification. With alcohol alone or 
with calcium chloride, we have obtained intramuscular nodules of chondro-osseous tissue, 
which show as much organization as that which Lacroix ™" ascribed to his alcoholic 
extracts of epiphyses of younger rabbits (Fig. 2-B). 

* Since this article was submitted, Hartley, Tanz, and Schneider have reported that bone occurred in 


three of eleven mature rabbits, fifty-three days after the injection into the thigh muscles of alcoholic extract 
of the ends of the long bones of young rabbits. 
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It is unfortunate that the search for the hypothetical substance has been confined 
largely to the rabbit *, since this species has manifested a high incidence of ectopic carti- 
lage and bone in many organs, following a wide variety of experimental procedures. Severi 
obtained cartilage or bone in five of fifteen rabbits (33 per cent.), following repeated intra- 
muscular injections of quinine hydrochloride. Cartilage or bone has been observed in the 
muscles of rabbits, following injections of calcium chloride '’, following traumatization 
6.7.16 and following traumatization plus injections of bone autolysates !°. After injection 
of formic acid into the vitreous body, Imai found bone in the eyes of twelve of twenty-six 
rabbits (46 per cent.). Engelstad observed that roentgen irradiation, sufficiently intense 
to cause degenerative pulmonary changes, was followed by bone formation in the lungs 
of fifteen of twenty-eight rabbits (53 per cent.). After application of silver nitrate or copper 
sulphate to the abdominal aortae of ten rabbits, Harvey obtained bone in five and osteoid 
tissue in three. 

The claim of Blum that locally injected phosphatase leads to the formation of ectopic 
bone is open to question. His alginate gel-phosphatase mixtures contained a highly irritant 
concentration of calcium chloride. Since von Seemen stated that Goto had obtained 
ectopic bone in rabbits by the injection of calcium chloride, and since we have obtained 
bone or cartilage, or both, in two of twenty-seven triceps and seven of twenty-nine quadri- 
ceps with calcium chloride, it seems probable that this is the responsible ingredient in 
Blum’s mixtures rather than the injected phosphatase. 


SUMMARY 


1. Following intramuscular injection into rabbits of alcohol alone, twenty-three of 
thirty-seven triceps (62 per cent.) and twelve of forty quadriceps (30 per cent.) contained 
‘artilage or bone, alone or in combination. 

2. Two of twenty-seven triceps and seven of twenty-nine quadriceps contained 
sartilage or bone, or both, following injection of calcium chloride. 


3. There is a greater tendency for pre-cartilage, cartilage, and bone to form near the 


origin or the insertions of muscles than in the mid-portions. 
4. Younger animals (one month old) formed larger amounts of more mature cartilage 
and bone than older rabbits, following injection of alcohol alone or of calcium chloride. 
5. There was no appreciable difference in the frequency of bone and cartilage on the 
basis of sex. 


6. Diethylstilbestrol, in the dosages used, did not influence the course of the intra- 


muscular reactions. 

7. The incidence and extent of intramuscular cartilage and bone was increased by 
exercising the animals. 

8. Intramuscular cartilage and bone formation was not observed if suppuration oc- 
curred as a result of the injection of the irritant solutions. 

CONCLUSIONS 

1. In the rabbit, ectopic chondrification and ossification frequently follow intra- 
muscular injection of irritating substances,—such as alcohol, calcium chloride, or mixtures 
which contain these irritants. 

2. Intramuscular injection of extracts of bone, cartilage, or muscle does not produce 
cartilage or bone more frequently or more extensively than does the extracting fluid alone. 
The existence of a specific osteogenetic substance (‘‘osteogenin’’) in extracts of skeletal 
tissue cannot be accepted as proved. 


_Norte: The authors wish to thank Franklin C. McLean, M.D., and C. Howard Hatcher, M.D., for their 
advice and suggestions throughout the course of this investigation. 


* Recently Pfeiffer has injected alcoholic osseous extracts into the testes of mice, but has obtained no 
cartilage or bone. 
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THE GROWTH OF THE BONE MARROW * 


BY PIERRE LACROIX, M.D., LOUVAIN, BELGIUM 
From the Department of Anatomy, University of Louvain 


Among the numerous papers on bone marrow listed in the /ndex Medicus, only that 
of Huggins and Smith is concerned with the question of how marrow grows, as compared 
with growth of the other parts of the bone. These authors stated that, following intra- 
venous injection, thorium dioxide becomes firmly fixed in the bone marrow; in the young 
animal, subsequent areas of marrow growth are thorium-free, allowing recognition of the 
new tissue by roentgenographic and histological techniques. The conclusion is drawn 
that the bone marrow increases in length principally at the metaphyses, and grows in 
thickness at its circumference. 

The author has repeated these experiments, and the results, while confirming in the 
main the conclusions of Huggins and Smith, include additional information which may be 
worth recording. 


EXPERIMENTS 


Ten six-week-old rabbits were injected intravenously with an electronegative thorium 
sol (thorotrast), containing approximately 25 per cent. of thorium dioxide. At two-day 
intervals, they received four injections totaling 10 cubic centimeters, or about 20 cubic 
centimeters per kilogram. No immediate ill effects were observed; it is well known that 
some months elapse before the toxicity from this substance develops. 

On the day the injections were completed, the medullary cavity seemed blurred on 
the roentgenographic film. One of the animals was sacrificed and examined histologically. 
Scattered among the other cells, the histiocytes of the marrow were found to have ac- 
cumulated particles of thorium. The growth of the other nine animals has been observed, 
and identical results have been noted in all. 

Four days after the last injection (Fig. 1-A), a clear area began to appear in the 
marrow about the shadow of the thorium-laden portion of the tibia. This shadow had the 
same shape the medullary cavity had had a few days before. Thirty days later (Fig. 1-B), 
the clear zone had enlarged everywhere. The shadow had kept its transverse diameters, 
but had definitely increased in length. 

It is difficult to decide, even with the aid of histological examination, whether this 
longitudinal growth is the result of intussusception all over the marrow or, as the presence 
of a central lacuna suggests, of the formation of new tissue at the place where the nutrient 
artery enters the marrow. 

The same description applies to the other bones. In the radius and ulna (Figs. 2-A 
and 2-B) the inequality of growth between the fore legs and hind legs emphasizes the 
following observation: The clear zone between the end of the medullary shadow and the 
end of the medullary cavity enlarges, in each case, at a rate which is exactly proportional 
to the rate of growth of the neighboring epiphyseal cartilage. 

DISCUSSION 

The evidence given here can only concern the growth of the marrow, inasmuch as the 
thorium-laden cells may be assumed to remain in the same place from the beginning to 
the end of the experiment. Lambin has shown that the marrow attempts to get rid of the 
histiocytes which have accumilated particles of thorium; they slowly migrate, he says, 
toward the axial region of the marrow. 

* Received for publication November 18, 1948. 
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Fig. 1-A: Roentgenogram of the tibia of a young rabbit, four days after completion of intravenous 
injections of thorotrast. A clear area has begun to appear about the thorium-laden portion of the 
marrow. 

Fig. 1-B: Thirty days later, the clear area has enlarged and the medullary shadow is definitely longer. 

Fig. 2-A: Same experiment. Roentgenograms of radius and ulna, four days after last injection. 

Fig. 2-B: Thirty days later, the clear zone around the medullary shadow has enlarged and the shadow 
itself has increased in length. 


We think, nevertheless, that the roentgenograms of Huggins and Smith, together 
with ours, may be considered as giving a true picture of the way marrow grows, provided 
only those roentgenograms are compared which have been taken at brief intervals. Our 
principal reason for this belief is that there is an accurate relationship between the rate 
of growth of a given epiphyseal cartilage, on the one hand, and the rate at which the same 
cartilage grows away from the medullary shadow, on the other hand. The alternative 
explanation would be to admit a migration of the histiocytes, different in rate and in 
direction in every case,—an explanation which must obviously be discarded. 

We may conclude, therefore, that the bone marrow grows by a combined process of 
peripheral addition of new tissue and interstitial growth. (When speaking of interstitial 
growth, however, we must leave unanswered the question of whether we deal with uniform 
intussusception or with a kind of breaking up in fragments which have subsequently 
drifted apart.) The growth of the marrow thus appears as intermediate between the 
growth of the bone tissue, which is exclusively a peripheral effect, and that of the per- 
iosteum, which is interstitial *. 

Huggins and Smith emphasized the peripheral growth of the marrow, but neglected 
its interstitial growth. In the roentgenograms of the knee, illustrating their paper, neither 
the femur nor the tibia is shown in its entirety. It will appear from the present study that 
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a more complete picture of the phenomenon is gained by a comparison of bones which 

have been x-rayed in their entire length. 
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EXPERIENCES IN THE USE OF HOMOGENOUS (BONE BANK) BONE * 
BY JAMES B. WEAVER, M.D., KANSAS CITY, KANSAS 
From the Orthopaedic Service, University of Kansas Medical Center, Kansas City 


The use of homogenous bone grafts is not new; reports concerning these grafts have 
appeared in the literature from time to time. The impetus for the modern use of preserved 


homogenous grafts was probably given by Inclan’s report, published in 1942, aided. by the | 


tremendous strides in the manufacture of “‘deep-freeze’’ equipment and in research con- 
cerning the freezing and storing of foods. At present many clinics, both in this country and 
abroad, are experimenting with homogenous grafts, usually preserved by freezing and 
storing in a so-called bone bank. Optimistic reports have already been made 4, but 
they give scant attention to the use of massive grafts, particularly in the repair of non- 
union of fractures. 


It is the purpose of this paper to present a report of forty-nine operations upon forty- 


six patients in whom homogenous bone, preserved in a frozen state, was used for grafting. 
This series includes all patients operated upon between July 1, 1946, and September 1, 
1948, whose end result, as regards success or failure of the graft, is known. 
SELECTION OF CASES 

No attempt was made to select favorable cases. Frozen homogenous bone was used 
for all patients in need of bone-grafting, who presented themselves during the period of 
this study. Patients entering the Medical Center are, as a rule, referred because of pre- 
vious failures and complications, or because of the severity of the condition and the gen- 
erally unfavorable prognosis. Of the forty-six patients in this series, ten had had a total of 
sixteen previous bone-graft operations, all with autogenous bone and all failures. Twenty- | 
three patients had each had from one to four operations, other than bone-grafting, at the | 
site of subsequent surgery, and sixteen patients had had gross infection at the operative 
site. In evaluating the results, these figures should be borne in mind. The prime object of 
this study was to put the use of preserved homogenous grafts to a rigorous test, and it is 
felt that in this series of cases that purpose was achieved. 





* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 26, 1949. 
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SURGICAL PROCEDURES 

No attempt was made to follow a set pattern of operative procedure, but rather to 
try as many different types of grafts and techniques as the material at hand permitted. 
Thus, massive grafts were used as onlays, inlays, bone pegs, dual grafts, and in the Phemis- 
ter type of graft, both with and without the addition of bone chips. The plentiful supply 
of donor bone permitted the trial of new procedures, such as arthrodesis of the shoulder 
joint in three cases, to be described. All patients received prophylactic doses of penicillin, 
usually over a postoperative period of seven to ten days. The two patients with tubercu- 
losis received streptomycin. 

Most of the surgery was done by the author or by members of his house staff. How- 
ever, bone was used for a few cases on other services at the Medical Center, and several 
operations were done in other hospitals. In all, there were ten operating surgeons. 

DONOR BONE 
Procurement of Bone 

Donor bone was secured from patients at operations in which bone was removed 
that is, clean amputations, rib resections, et cetera—and from fresh cadavera. In all in- 
stances, the donors had had negative serological findings and were free from any known 
infectious disease, malignant lesion, or blood dyscrasia. Cadaver bone was secured only 
from young adults who had met a sudden traumatic death. Bone was removed from the 
cadaver within two hours after death and under as near operating-room technique as 
possible, the chief difference being that the surgery was done in the morgue rather than 
in an operating room. 

Method of Processing Bone 

The bone for storage was carefully denuded of soft tissue, the periosteum being left 
intact, if possible. In the case of cortical bone, portions were then fashioned with a motor 
saw and osteotome to the proper size for use as massive grafts. Carpal and tarsal bones, 
which were to be used as a source of cancellous bone, were stored as such. Femoral con- 
dyles are an excellent source of cancellous bone, and, when available, the condyles were 
sectioned into portions most likely to furnish enough bone for one operation. Ribs were 
stored singly and intact. 

In the first year of this study, the sectioned bone was enclosed in sterile wrappers of 
cotton cloth and then in sterile oiled silk, and was appropriately labeled. Storage was in a 
deep-freeze unit in which the temperature was held to minus 40 degrees centigrade by 
the addition of dry ice. 

During the second year, bone has been placed in sealed glass bottles, according to the 
method of Bush, frozen, and stored in an ice-cream-storage cabinet in which the tempera- 
ture is kept between minus 20 and minus 25 degrees centigrade. There has been no notice- 
able difference in results between these two methods, but it is believed that Bush’s method 
of bottling is superior, because one is able to view the bone and make more accurate selec- 
tions as to the size and amount desired for a particular operation. No preservative chemi- 
vals, or bactericidal or antibiotic agents were used. Culture studies were not done. At the 
time of surgery, the donor bone was brought to the operating room and placed in sterile 
warm saline solution until used. Normal saline solution is believed to have no deleterious 
effect upon the bone graft. 

In two instances, frozen bone has been shipped elsewhere, the procedure being the 
same as that used for shipping small quantities of ice cream. The bottle containing the 
bone is placed in a corrugated-cardboard ice-cream-shipping container and packed with 
dry ice. In both cases, more than twelve hours and less than twenty-four hours elapsed 
before the bone was again placed in a deep-freeze unit. The bone arrived at its destination 
in good condition. In one instance the operation was successful, after two previous fail- 
ures with autogenous bone; the result is not yet known in the other case. 
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TABLE | 
CONDITION PART No.| success FAILURE INFECTION 
TIBIA 9 6 3 2 
ULNA 5 eo.) | 2 ) 
UNUNITED RADIUS 4 3 0 
FRACTURES | FEMUR 4 3 0 
HUMERUS 2 2 o 0 
TOTAL 20| 145 (72.5%) | 55 (275%) | 2 (10%) 
TUMORS 9 9 o 0 
BONE OSTEOMYELITIS | 2 O 
satis TOTAL ii} 10 (91%) =| 1 (9%) 0 
SPINE 6 6 fe) 0 
ARTHRODESIS| HIP 4 4 0 
JOINTS SHOULDER 3 3 0 0 
ANKLE o 0 
TOTAL 14/14 (100%) o 1 (71%) 
BONE BLOCK | 2 o 
MISCELLANEOUS] OSTEOTOMY 2 
| TOTAL 4| 2 (50%) | 2 (50%) | (25%) 
GRAND TOTAL 49 | 40.5 (82:6%)| 85 (173%) 4 (8.1%) 

















Indications for bone-grafting and results in forty-nine operations. 


Length of Storage Time 


The length of storage time before use has varied greatly. The shortest period was three 
days and the longest, 308 days (ten months); both cases were successful. In seven in- 
stances, the storage time was over six months; the average time for the entire series was 
134 days (over four months). Length of storage time apparently has had no effect on the 
success or failure of the graft. 

In the experimental laboratory, grafts applied to rabbits, in which the bone was 
used after eighteen months of storage, have been successful. No attempt has been made 
to use bone that has been stored a longer length of time. 


STATISTICAL DATA 


The forty-nine operations in this survey have been analyzed as to the indications for 
bone-grafting, the success, failure, or complication of infection being noted in each case. 
An operation for non-union at times involved two bones, such as the radius and ulna; 
hence the total number of bones operated upon is greater than the number of operations 
(Table I). For the same reason, fractions appear in the totals. In one operation, a graft 
of the radius and ulna was done with resultant union of the radius and non-union of the 
ulna. Thus, one-half unit was allowed for each success or failure. 

Of the nine tumor cases, eight were either giant-cell tumor or solitary cyst, and one 
was metastatic carcinoma. 
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TABLE 2 
TYPE OF GRAFT| CONDITION |No| success | FAILURE | INFECTION 
NON UNION 3] 9.5 3.5 2 
BONE DEFECTS | 2| | 0 
MASSIVE ARTHRODESIS | 4| 4 0 0 
MISCELLANEOUS | 4| 2 2 
TOTAL 23 |16.5 (71.8%) |6.5 (28.2%)| 3 (13%) 
NON UNION 7| 5 2 o 
BONE DEFECTS | 3| 3 0 0 
COMBINATION |" ARTHRODESIS | 5| 5 0 0 
TOTAL 15/13 (86.7%)|2 (133%)| 0 
BONE DEFECTS | 6| 6 0 o 
CHIP ARTHRODESIS | 5| 5 o 
TOTAL ili (oo%)| o 1 (9%) 
GRAND TOTAL 49 |405 (82.6%)|85 (17.3%) | 4 (81%) 























Type of graft employed and results. 


The arthrodesing operations of the spine were performed for either scoliosis or spon- 
dylolisthesis. Fusion of the hip was done on one patient with tuberculosis; the other fusion 
operations were done for painful arthritis. In one case each of tuberculosis, flail joint, and 
chronic recurrent dislocation, fusion of the shoulder was done. 

In the miscellaneous group, the two bone-block procedures were the Thompson oper- 
ation to hold the thumb in abduction. The two osteotomies were for the correction of de- 
formity of the tibia; in each case a rib was placed beneath the periosteum, on the posterior 
surface of the tibia. 






























































TABLE 3 
DONORS CONDITION NO} SUCCESS FAILURE INFECTION 
NON UNION 9 7.5 1.5 l 
FRESH BONE DEFECTS; 5 5 .e) .¢) 
CADAVER | ARTHRODESIS | 3 3 ie] I 
TOTAL 17) 15.5 (91.2%) 1.5 (88%) 2 (1.7%) 
NON UNION I 7 4 1 
BONE DEFECTS| 6 5 I ie) 
PATIENTS} ARTHRODESIS |11 i 0 .e) 
MISCELLANEOUS; 4 2 2 I 
TOTAL 32) 25 (78.1%) |7 (21.9%) 2 (6.2%) 
GRAND TOTAL 49) 40.5(82.6%) (8.5 (17.3%) 4 (8.1%) 








Comparison between donor bone from patients and from fresh cadavera. 
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Highly satisfactory results were obtained after joint fusion (100 per cent. successful) 
and in the remedy of bone defects (91 per cent. successful). However, the successes in 
the treatment of non-union (72.5 per cent.) are not so good. In the entire group, there 
were 82.6 per cent. of successful results. The infection rate was 8.1 per cent., a high figure. 

The same series of operations are presented in Table II, which shows the type of 
graft employed and the result as to success, failure, or infection. As previously stated, 
massive grafts were used in various ways. Combination grafts were those in which, in 
addition to a massive graft, either bone chips or “‘bone meal”’ were used with the express 
purpose of filling a bone defect. Bone meal was made by running cancellous bone chips or 
ribs through a coarse meat grinder. Chip grafts, as the name implies, were made up of 
cancellous bone obtained with the rongeur, curette, or bone cutters. Bone meal is included 
under the category of chip graft. 

Although chip grafts appeared to be much more efficient, on the whole, they were 
used in cases with a more favorable prognosis. 

Table III presents a comparative study of the efficiency of donor bone from patients 
and that from cadavera. The results indicate a higher percentage of success with the use 
of cadaver bone. This superiority is strengthened by the fact that more than 50 per cent. 
of the operations in which cadaver bone was used were for non-union of fractures, which 
are the most difficult cases. On the other hand, only 35 per cent. of the cases in which 
patient bone was used were in the non-union group. It is difficult to understand how 
‘sadaver bone could be more efficient, except that it offers a method of obtaining large 
quantities of the particular type of bone desired. The percentage of infection in the oper- 
ations where cadaver bone was utilized is about twice that in the series where patient 
bone was used. 

















Fie. 1-A Fia. 1-B Fig. 1-C Fie. 1-D 


Case 3-F. Roentgenograms show progressive healing of second graft at one-half month, two months, 
five months, and ten months. The view at ten months (Fig. 1-D) shows fracture of the graft. 
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CASE REPORTS 

Failures 

Case 1-F. M.A., a woman, thirty-four years old, had sustained a compound fracture of the left femur, 
twenty-six months before admission. An open reduction was done with a metal-plate fixation; non-union 
occurred. The plate was removed, with resultant infection. A suitable time after drainage had ceased (and 
about a year before admission), an autogenous onlay bone graft had been applied. This resulted in failure. 
On June 17, 1947, a dual graft was applied, fibular bone being used for massive grafts and tarsal bone for 
cancellous bone chips. The femur was dense and sclerotic at the fracture site. An attempt was made to 
preserve length by filling the gap between the bone ends with bone chips. In the early months after surgery, 
roentgenograms were encouraging, but absorption of the graft at the fracture site finally occurred. At a 
later operation, residual grafts were removed; by microscopic examination they were considered dead bone, 
in the nature of a sequestra. 


This was an unfavorable case and the technique was faulty. It would have been better 
to have accepted shortening of the extremity. 


Case 2-F. D. S., a thirteen-year-old boy, fractured both bones of the right forearm. After several at- 
tempts at closed reduction had failed, an open reduction was done and the fragments were wired together. 
Non-union resulted. A homogenous rib graft was applied on May 20, 1947. The use of rib in this instance, 
without additional internal fixation, was an error in judgment. There was a good deal of tension on the graft 
at the fracture site; the screws pulled through the graft; and displacement of the fragment with subsequent 
non-union occurred. A second attempt at bone-grafting was made on February 24, 1948, with homogenous 
fibula from a fresh cadaver. A satisfactory graft was affixed to the radius, but absorption had taken place in 
the ulna and it was impossible to affix a suitable graft with screws. A dual graft was, therefore, applied, and 
was held in place with chromic catgut. The graft of the radius became sclerotic, but bone bridged across the 
fracture site and union took place. Union did not occur in the ulna. 











Fig. 2-A Fia. 2-B Fig. 2-C Fia. 2-D 


Fig. 2-A: Case 5-F. Showing non-union of tibia. 

Fig. 2-B: One week after application of dual graft. 

Figs. 2-C and 2-D: Four months and seven months, respectively, after operation. Progressive de- 
struction of the tibia from osteomyelitis may be noted. 
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Cask 3-F. W. B., a man, thirty-five years old, sustained compound fractures of the right tibia and 
fibula. He was treated with Stader splints; non-union resulted. After fourteen months a sliding bone graft 
was inserted, also resulting in failure. He was admitted to the Medical Center, where, on May 13, 1947, 
a homogenous bone graft was applied. Dual massive grafts of the ulna were used, with chips from carpal 
bones to fill the space between the bone ends. This patient’s cast was changed two weeks after the operation; 
at that time the wound was clean, the stitches were removed, and he was dismissed from the Hospital. He 
failed to report for after-care until several months later. At that time he stated that, the week after leaving 
the Hospital or three weeks after the operation, he had removed his own cast, put on an old brace, started 
full weight-bearing, and gone to work as a filling-station attendant. Of course, non-union resulted. 

A second operation was done on February 25, 1948. Dual onlay grafts of tibia from a fresh cadaver 
were used with cancellous bone chips from tarsal bones. The patient’s cooperation was somewhat better this 
time. After seven months, the cast was replaced by a brace, but weight-bearing was not permitted (Figs. 
1-A, 1-B, and 1-C). However, the patient began full weight-bearing without his brace. A month later, while 
carrying a trunk up a flight of stairs, he stumbled and fractured his tibia through the site of the graft (Fig. 
1-D). A cast was applied, but he again failed to report for observation and it is understood that he entered 
a Veterans Hospital. 


Failure of the first attempt was due to lack of cooperation on the part of the patient, 
but the operation is listed as a failure. The second attempt is considered a success. 
Progressive union and filling in of 
the bone defect were taking place 
until destroyed by this patient’s 
-arelessness. 

Case 4-F. E. D., a man, fifty-five 
years old, suffered compound fractures of 
both tibiae on August 6, 1947. Immediate 
amputation of the left leg was necessary. 
The wound of the right leg became grossly 
infected. After a period of time, drainage 
ceased and the wound healed, although no 
union took place at the fracture site. On 
June 3, 1948, a dual graft was applied and 
infection again ensued. A small area of 
tissue loss appeared over the tibia; the 
infection seemed to be mild in character. 
An attempt was made to cover the de- 
nuded area with a skin flap, but this was 











Fia. 3-A also a failure. The grafts became seques- 
Case 1-S. Preoperative roentgenogram showing tuber- trated and there was obvious osteomyelitis 
culosis of the shoulder joint. of the tibia. 











Fia. 3-B Fia. 3-C 


One month and five months after surgery, there is clinical and roentgenographic evidence of fusion. 
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CasE 5-F. R. J., a man, fifty-eight 
years old, suffered a simple fracture of the 
left tibia on October 5, 1947. Open reduc- 
tion was done and the oblique fracture was 
fixed with two long screws. Non-union 
resulted (Fig. 2-A), but at no time following 
the open reduction did this patient show 
any evidence of infection. On February 26, 
1948, a dual graft was applied, tibial bone 
from a fresh cadaver being used. After 
removal of the bone screw, a single drop of 
pus was exuded. A culture was taken, 
which was later reported as positive for 
Staphylococcus aureus. A mild infection 
followed, consisting chiefly of tissue loss 
over the tibia. An attempt was made to 
cover the area with skin flaps, but this was 
unsuccessful. Sequestration of the graft 
and osteomyelitis were the result (Figs. 
2-C and 2-D). 








Fia. 4 


, Case 6-F. A. 8., a seventeen-year-old Ten months after surgical fusion of a shoulder. Meta- 

girl, had had a large cyst removed from the —_ tarsal bone was used as the bone peg. 

mandible; osteomyelitis ensued. Three bone 

grafts had been done, prior to admission. On May 6, 1948, a rib was used in an attempt to fashion an alveolar 

ridge, so that a prosthesis might be fitted. This graft was absorbed, although no infection was present. 
This was a most unfavorable case, as little bone remained in which to fasten a graft. 
Case 7-F. J. K., an eighteen-year-old boy, was admitted with a malunited fracture of the tibia. An 

osteotomy was done on May 20, 1948, for correction of the deformity. A metal bone plate was applied to 

hold the tibia in correct position, and a rib was slipped beneath the periosteum, on the posterior surface. 

The postoperative course was uneventful. At eight weeks, when the cast was changed, ulceration was found 

in the wound over the tibia. There was mild drainage for several weeks, and the skin healed. Roentgenograms 

showed bone loss in the rib graft, which was evidently the site of infection. Non-union resulted. 


Case 8-F. W. P., a ten-year-old boy, had an adduction deformity of the thumb, due to cerebral palsy. 
A Thompson bone-block operation was done on May 20, 1948, a metacarpal bone being used between the 
first and second metacarpals. One end of the graft was absorbed, and displacement followed. There was 
no infection. 


It is believed that faulty technique was largely responsible for this failure. 


Selected Successful Cases 

Case 1-S. C. K., a negro man, twenty-eight years old, had arrested pulmonary tuberculosis, and active 
tuberculosis of one kidney and the left shoulder. First a nephrectomy was done and then, on April 20, 1948, 
an arthrodesis of the right shoulder. The shoulder condition had been rapidly progressive and, at the time 
of operation, there was a large abscess of the shoulder with a draining sinus low on the brachium (Fig. 3-A). 
After the joint had been opened, it was found that the head of the humerus, very necrotic, was floating in 
about 180 cubic centimeters of pus, contained in a markedly enlarged capsule. The head of the humerus was 
debrided as well as possible; the glenoid cavity was freshened; and all soft tissue was removed from the 
subacromial area. The inferior surface of the acromion was denuded to bleeding bone. The head of the 
humerus was pushed firmly against the glenoid and acromion process and the arm was held in the desired 
position, while a drill hole was placed through the acromion process and into the head. This was enlarged to 
accommodate a rib, which was then driven through the acromion process, into the head. Bone chips, fash- 
ioned from ribs, were placed in the dead space between the head of the humerus and the scapula. Five months 
after the operation, there was clinical fusion and no drainage. Roentgenograms (Fig. 3-C) showed excellent 
amalgamation of the component bone elements. 


This technique has been used in two other shoulder operations with satisfactory 
results. Figure 4 shows one of them, ten months after operation. 


Case 2-S. V. B., a woman, thirty-nine years old, had arrested pulmonary tuberculosis and active 
tuberculosis of the left hip (Fig. 5-A). An arthrodesis of the hip was done on March 2, 1948. The greater 
trochanter was turned back and the superior margin of the acetabulum was turned up to form bone flaps. 
The superior surface of the neck of the femur was freshened. An iliac graft from a fresh cadaver was laid on 
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Fia. 6-A Fic. 6-B 


Fig. 6-A: Case 3-S. Showing a massive graft of the lumbar spine, two and one-half months after oper- 


ation. 
Fig. 6-B: A fracture of the graft, just below spinous process to which the screw is affixed, occurred 
three and one-half months following surgery. 











Fig. 6-C Fig. 6-D 

Fig. 6-C: Five and one-half months after surgery and two months following the fracture, a good 
cloak of callus surrounds the fracture site. 5 

Fig. 6-D: At eighteen months, there is marked hypertrophy of the graft. 
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Fig. 7-A: Case 4-S. Shows 
ununited fracture of the femu 
at time of admission. 


Figs. 7-B and 7-C: Six 
months and fourteen months 
after dual grafts had been ap- 
plied. Solid union has occurred, 
both clinically and by roent- 
genographic examination. 


Fig. 7-D: Ununited fractures 
of tibia at time of admission. 


Figs. 7-E, 7-F, and 7-G: 
Two, four, and fourteen months 
after application of massive 
onlay grafts, roentgenograms | 
show progressive union. 
Weight-bearing has not yet 
been permitted. 























Fie, 7-B 


























Fie. 7-D Fia. 7-F Fia. 7-G 
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Fig. 8-A 


Fig. 8-A: Case 5-S. Non-union of 
fracture of tibia at the time of ad- 
mission. 


Figs. 8-B, 8-C, and 8-D: Roent- 
genograms, taken at four, eight, and 
ten months after surgery, show pro- 
gressive healing to complete union. 














Fig. 8-B Fia. 8-C Fia. 8-D 


the neck of the femur, under the bone flaps, and was held in place by a screw through the greater trochanter 
and graft (Fig. 5-B). There were no postoperative complications, and excellent fusion followed (Figs. 5-C 
and 5-D). 

Case 3-8. In G. P., a man of twenty-five years, a spine fusion was done on December 31, 1945, for 
paralytic scoliosis. The spinous processes of the lumbar vertebrae were denuded to raw bone on one side and 
a gutter was made in the laminae at their base. A long piece of split fibula fitted nicely into this bed and was 
easily held by a single screw, passed through the graft and a spinous process. Three months after operation, 
fusion appeared satisfactory and the patient became ambulatory, wearing a spine brace (Fig. 6-A). At three 
and one-half months, the patient was wrestling with a nephew and fractured the graft (Fig. 6-B). Six weeks 
later, roentgenograms showed callus about the fracture site, and the fractured graft progressed to complete 
union (Figs. 6-C and 6-D). 

On December 30, 1947, the lower portion of the spine was fused. Ribs were used as grafts in this in- 
stance, placed between split spinous processes and in a gutter at one side. During the course of the operation, 
a portion of the fibular graft was removed; the pathologist’s diagnosis was normal bone. Satisfactory fusion 
was obtained in both instances, and marked hypertrophy of the first graft had occurred. 


Case 4-8. H. T., a man, forty-two years old, sustained a simple fracture of the lower third of the left 
femur, and two fractures of the left tibia, one at the junction of the upper and middle thirds, aud the other 
in the lower third. All three fractures were treated by open reduction. The femur was wired (Fig. 7-A), and 
plates were placed on the fractures of the tibia. The sites of the tibial fractures became infected. When this 
patient was first seen, eleven months after the accident, there was non-union of all three fractures and 
draining sinuses over the lower portion of the tibia. A dual graft of femur from a fresh cadaver was placed on 
the fractured femur and, at the same time, the plates were removed from the tibia. The surgical wound of 
the femur healed promptly, and soon thereafter the incisions over the tibia healed. Two months later, mas- 
sive tibial grafts from a fresh cadaver were placed over the fracture sites in the tibia. Cancellous bone chips 
(femoral condyles from a fresh cadaver) were packed about these. At the time of operation, there had been 
little hope of union, as the central portion of the patient’s tibia was practically a sequestrum, and the lower 
end of the tibia was so atrophic that a hemostat could easily be pushed through the bone. Union of the femur 
occurred, both clinically and by roentgenographic examination (Figs. 7-B and 7-C). Clinically, the fracture 
sites in the tibia felt firm, and roentgenograms over a fourteen-month period showed progressive union 


(Figs. 7-E, 7-F, and 7-G). 
The bone bank filled a real necd in this case of multiple non-union. 
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Casg 5-S. R. H., an eighteen-year-old boy, 
fractured his left tibia and fibula ‘on May 5, 1947, 
resulting in non-union (Fig. 8-A). On April 27, 1948, 
an onlay bone graft was applied, the femur from a 
cadaver being used. An excellent result was obtained 
(Figs. 8-B, 8-C, and 8-D). 


Case 6-8. C.S., a male, twenty-one years old, 
contracted hematogenous osteomyelitis of the tibia 
about four years before admission. He had had four 
operations with no relief. When first seen, he had a 
large fungating mass over the lower anterior portion 
of the tibia, with considerable drainage (Fig. 9-A). 
On September 3, 1946, the fungating mass was 
excised and all necrotic bone was curetted from the 
tibia. Posterolateral, longitudinal skin incisions were 
made; the skin was pulled together over the tibial 
defect and sutured. The wound healed prompily 
and no further drainage occurred (Fig. 9-B). On 
October 22, 1946, an incision was made through 
good skin, and the tibia was exposed at the site of 
the defect. A large tibial onlay graft was placed over 
the open side of the cavity, which was packed with 


cancellous chips from tarsal bones. 
=z Ee Follow-up roentgenograms showed progressive 








Fia. 9-A union (Figs. 9-C and 9-D). For over eighteen months, 
Case 6-S. Lateral and anteroposterior views of this patient has walked without apparatus and has 
osteomyelitic tibia at the time of admission. been doing heavy farm work (Figs. 9-E and 9-F). 


Nore: In Cases 4-F and 7-F, reported as failures, union has occurred since this paper was presented. 


DISCUSSION 

From the experiences reported here, it seems obvious that homogenous bone, pre- 
served by freezing, has not only limitations but also dangers. When used in the form of 
chip grafts in arthrodesing operations or in certain types of bone defects, excellent results 
may be expected. However, massive grafts are not so successful in cases of non-union. 
The same statements are applicable to autogenous grafts. 

As regards amalgamation with recipient bone, there is certainly no reason to assume 
that the homogenous graft has inherent qualities which would make it superior. It may 
be just as good as autogenous bone, but not better. The only way in which the homo- 
genous graft might lend itself to better results is that the surgeon may have as much 
bone of a particular type as he may desire. The results in this series, as they concern 
massive homogenous grafts for the repair of non-union of fractures, are not so good as 
the author's experience with autogenous grafts. However, the cases in this report have 
been, for the most part, difficult ones, and in several instances the homogenous graft has 
been called upon to do more than one would expect of an autogenous graft. It is felt that 
there is a greater tendency for the massive homogenous graft to ‘‘die’’ and, on the whole, 
the time of amalgamation has been longer. 

This last statement is an impression, without definite data to prove it. In some cases, 
however, massive homogenous grafts have amalgamated as promptly as would be expected 
of an autogenous graft. 

Many other factors are involved in the success or failure of any bone-graft procedure. 
The mechanics of the operation are most important and, in several instances of failure 
in this series, undoubtedly played an important part. In addition, there must be con- 
sidered the condition of the recipient bone, the general condition of the patient, the co- 
operation of the patient, and many related factors. 

It is fallacy to assume that the danger of infection is less with homogenous bone than 


THE JOURNAL OF BONE AND JOINT SURGERY 








EXPERIENCES IN THE USE OF HOMOGENOUS BONE 791 


————E—— 


boy, 
1947, 
1948, 
rom a 
rained 





s old, 
- tibia 
1 four 
had a 
ortion 
9-A). 
; was 
m the 
; were 
tibial 
mptly 
). On 
rough 


Fia. 9-F 


ntgenograms taken eleven months and two years, respec- 









ite of = 
1 over S 
| with 8 
essive 

mnths, 


d has 
*), 


ited. 


pre- 
m of 
sults 
rion. 


ume 
may 
ymo- 
auch 
cern 
d as 
have 


Fic. 9-D 





has 
that 
hole, 


Fic. 9-C 


and one 





ases, 


eted 


lure. 





_ 9-B: After removal of : 
9-C and 9-D: One 


aa 
i ad “i 
lure S = 
con- Fact 
bh bo S 
> CcO- Bes 





than 


TOL. 31-A, NO. 4, OCTOBER 1949 
GERY VOL. 31-A, NO 














792 J. B. WEAVER 


with autogenous. Homogenous bone must be handled more than the autogenous bone, 
thus creating a greater hazard. However, this danger is offset by the fact that the patient 
does not have to undergo a second incision for the removal of bone, with its attendant 


possibilities of infection and fracture. This series presents a high percentage of infection, 
but in only one instance did infection occur in a truly clean field (Case 7-F). Roentgeno- 
grams of this case indicate that the rib graft was the seat of the infection. Another rib 
from the same donor was used in Case 6-F. It became absorbed rapidly, but there was no 
drainage. In all other cases where infection ensued, there was infection of the site, either 
past or present, and it would be difficult and unfair to place the blame entirely on the graft 
material. No attempt was made to sterilize the bone-graft material in this series. Such 
procedures are now under trial, and they may prove of value. 

It is felt that bone from fresh cadavera is just as efficient as that taken from patients. 
Since it is generally believed that iliac bone is more efficient as regards osteogenetic 
properties, and since the cadaver offers an ample supply, the author has in recent months 
used iliac bone from fresh cadavera almost to the exclusion of other types. 
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CLINICAL EVALUATION OF THE MERTHIOLATE BONE BANK 
A PRELIMINARY REPorRT * 


BY FRED C. REYNOLDS, M.D., AND DAVID R. OLIVER, M.D., ST. LOUIS, MISSOURI 
From the Department of Surgery, Washington University School of Medicine, St. Louis 


To justify the use of homogenous bone grafts, a clear understanding of the fate of 
transplanted bone, both autogenous and homogenous, is necessary. The consensus is that 
autogenous bone grafts are superior to homogenous grafts, because of the supposition that 
some elements of the transplants survive and retain their osteogenetic properties '3.5-10.14, 
However, there are those who maintain that all elements of a bone transplant die and are 
replaced by the host tissue, regardless of the source of bone 2"""6, If the claims of the latter 
group are correct, there should be but minor differences in the process of fixation and re- 
placement of autogenous and homogenous bone grafts. 

In the past year, the authors have made an experimental comparison of the fate of 
autogenous and homogenous bone grafts in dogs. The observations are in complete agree- 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 26, 1949. 
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ment with those of Barth, in that no evidence was found that any elements of autogenous 
bone transplants live and have reproductive powers. 

The process of fixation and replacement of both autogenous and known dead ho- 
mogenous bone is identical. It is accomplished by appositional new-bone growth from the 
host tissues in both instances. However, the early phases of healing occur at a slightly 
more rapid rate with the autogenous than with the homogenous grafts. The exact signifi- 
vance of the observation is unknown to us, but the explanation is probably related to the 
unknown factors of tissue specificity and host reaction, rather than to any persistence of 
life in the autogenous grafts. 

The transplantation of homogenous bone is not a new procedure. Its use in the fresh 
state was first reported by Macewen in 1880, and by many workers thereafter. More re- 
cently, attempts have been made to preserve bone in various states as reported by Orell. 
Several French surgeons are said to have used frozen preserved bone *. Inclan, in 1942, 
demonstrated the successful use of frozen autogenous and homogenous bone. Bush has 
popularized the use of frozen homogenous bone as a “bone bank”’. 

Morgan, Jamieson, and Powell reported the use of merthiolate solution as a preserva- 
tive for biological products. O’Connor, in 1939, and Brown and DeMere have described 
the successful use of cartilage preserved in merthiolate. The simplicity and safety of this 
method of preservation of tissue aroused the authors’ interest in the possibility of its appli- 
cation to the preservation of bone. Therefore, experimental studies were made, comparing 
the process of healing of merthiolate-preserved homogenous grafts with frozen and boiled 
homogenous grafts, as well as with autogenous grafts. From these studies, the authors 
concluded that the fixation and replacement of the merthiolate-preserved homogenous 
bone was essentially the same as that of the fresh autogenous grafts. Experimentally, bone 
preserved by freezing or by aqueous merthiolate was indistinguishable. Boiled homoge- 
nous grafts healed by the same process, but the healing was definitely delayed. From these 
experiments the clinical use of merthiolate-preserved bone seemed justifiable. 

The procedure adopted for the establishment of a ‘‘merthiolate bone bank”’ is as fol- 
lows: The bone is cbtained from three sources: (1) ribs removed under aseptic conditions 
at thoracotomies and thoracoplasties; (2) bones obtained from amputations of uninfected 
parts; and (3) cancellous and cortical bone obtained at selected autopsies under as sterile 
conditions as possible. In preparing for storage the bone removed from these sources, ster- 
ile equipment and operating-room technique are employed. The periosteum and attached 
soft tissues are carefully removed from the bone, which is then split and cut into con- 
venient lengths. A culture of the marrow contents is taken. 

The bone is then put into sterile jars, containing a 1 to 1,000 solution of clear aqueous 
merthiolate. It is important that all bone be completely covered by the solution. At the 
end of two weeks, the bone is removed under operating-room technique, all remaining 
soft tissues are cleaned off, and it is placed in sterile jars containing a 1 to 5,000 solution 
of aqueous merthiolate. Another culture is taken at that time. The bone is kept in the 
1 to 5,000 solution thereafter, being changed at two-week intervals and cultures being 
made. No grafts are removed from the bank for clinical use until at least two negative 
cultures have been obtained. To date, the authors have not encountered a single positive 
culture. 

The container of preserved bone can be kept either in the operating room at room 
temperature or in a nearby household refrigerator. When a graft is needed, the container 
is opened in the operating room and the desired piece of bone is removed by the surgeon 
with sterile forceps. After being rinsed in normal saline solution, the graft is ready for use. 

At the present time, merthiolate-preserved homogenous bone has been used in sev- 
enty-one patients. This report, however, presents the findings in the first forty-two con- 
secutive cases in which merthiolate-preserved homogenous bone was used. The types of 
operative procedures and the general results obtained from each are shown in Table I. 
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TABLE I 


RESULTS IN v Forry- -TWO PaTIENTS 


No. of No. of 


Operation Patients Failures 

Artheodesia of major joints. 5 0 
Non-union..... 9 3 
Spine fusion........... 15 2 
Obliteration of ‘osteomyelitic « ‘avities.... 5 2 
Obliteration of tumor cavities. ...... 3 0 
Osteotomy defects... .. r 0 
Open reductions.......... 2 0 
Aseptic necrosis of femoral head. 1 0 

42 7 


Totals ire a aeeeohici aed ate Ry OE OD eC RPL ee CATE eR ee oe 


Of nine operations on patients with non-union, three are considered failures at this 
time. Two of these failures occurred in fractures of the ulnar shaft; the other involved an 
old compound fracture of the lower portion of the humerus. Ribs were used as grafts in 
2ach instance. This type of graft does not lend itself to firm internal fixation, and is gen- 
erally considered to be inferior to compact cortical bone for use in these locations. It may 
be that this factor has contributed to these failures. However, in two other cases of non- 
union of the ulnar shaft, treated in an identical manner, satisfactory union occurred. 
One of the patients with failure of union after an ulnar fracture had a recurrence of infec- 
tion following the grafting procedure, which necessitated sequestrectomy at a later date. 
Figures 1-A, 1-B, and 2 illustrate the results obtained in cases of non-union. 

Bank bone was used to obliterate the defects remaining after saucerization for osteo- 
myelitis in five patients, each of whom had a draining sinus. One of these sites healed per 
primam and has remained healed; in four, drainage continued after operation. The drain- 
age in two of them, however, s wialishited promptly without further surgery; the sinuses 
have remained healed and the patients have been free of symptoms. The other two pa- 
tients, whose operations must be considered failures, require some explanation. 

A. I., a doctor, had had osteomyelitis of the upper portion of the tibia with extensive bone defects and 
soft-tissue defects for nine years. Saucerization, grafting with bank bone, and the swinging of a large pedicle 
flap were performed in one stage. This overambitious surgery resulted in failure, with infection and necrosis 
of the skin flap. 

K. B. had had non-union of the upper portion of the femur with infection for eight years. Three previous 
attempts at autogenous bone-grafting, performed elsewhere, had failed. A large osteomyelitic defect was 
present, together with extensive soft-tissue scarring. Following sequestrectomy and bridging of the defect 
by rib grafts, the wound was closed. However, the infection persisted, and drainage and non-union were 
present when the patient was last examined. 

Figures 3-A, 3-B, 4-A, and 4-B show successful results obtained in patients of this 
group. 

Spine fusions in this series were of the modified Hibbs type, reinforced by large 
amounts of merthiolate-preserved bone. Of the fifteen patients in this group, ten had 
fusions which appear to be definitely solid. In two patients, the final result is not yet 
known; one died before the graft was solid. A pseudarthrosis developed in one patient, 
and refusion was required. This we believe to have been caused by a fracture of the graft, 
as it followed an injury in which the patient heard a sharp snap, accompanied by pain. 
At operation, all the bone was solid, except at the line of pseudarthrosis. The other patient 
has only recently presented evidence of pseudarthrosis; reoperation has not yet been done. 

Arthrodesis of major joints, including the hip, knee, ankle, wrist, and subtalar joint, 
was performed successfully in five patients. Intra-articular fusion, reinforced with bank 
bone, was done in all instances. No failures were encountered in this group. 
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t this Fia. 1-A Fia. 1-B 
| ‘ C. E., a white male, aged forty-four, had non-union of the shaft of the ulna, following a Monteggia 
ed an fracture, five months previously. An attempt at internal fixation had been made elsewhere. 
fts in Fig. 1-A: Roentgenograms taken at the time of admission. 
Fig. 1-B: Appearance nine months after resection of head of radius and dual onlay graft. Ribs from 
3 gen- the merthiolate bone bank were used for grafting. Excellent function was regained. 

may 
/“non- 
irred. 
infec- 
date. 





steo- 
d per 
rain- 
nuses 
) pa- 





ts and 
edicle 
.crosis 


vious 
t was 
defect 

were 


this 





large 











had : 
2 Fia. 2 


yet J. K., a white male, aged forty-eight, had non-union of the shaft of the femur of eleven months’ 
ient, duration. The original treatment was open reduction and plate fixation. At the time of admission, the 
- plate had broken and there was non-union. Two plates and merthiolate rib grafts were then applied. 
raft, Four months after the second operation, definite union was evident grossly. 
The process of replacement of the merthiolate graft by appositional growth of the host bone was 


ain. _. The p } L y 
ra identical, microscopically, to that seen in experimental animals. 
one. fae - geet , 
int In the remaining cases (Table I), the wounds healed by first intention, and all grafts 
in ie: nae é 
k appear to be fusing in a satisfactory manner. Bank bone was employed to obliterate the 
yank ; ; ; ; ? 
defect in three instances of benign bone tumor. In each case the postoperative course was 
uneventful and the grafts healed satisfactorily (Figs. 5-A and 5-B). 
GERY 
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Fra. 3-A Fia. 3-B 


G. A. , a white male, thirty-eight years old, had chronic osteomyelitis of the left femur of twenty-three 
years’ duration. Copious drainage was seen at the time of admission. A saucerization and s sequestrectomy 
were done. 

Fig. 3-A: After two weeks, the defect was filled with merthiolate rib grafts and the wound was closed. 
These roentgenograms show the femur after saucerization and before grafting. 

Fig. 3-B: Roentgenographic appearance twelve months after operation. The patient has had no 
drainage since one month after operation and has been symptom-free. 





Fia. 4-A Fia. 4-B 


M. B., a white girl, aged twelve, had chronic osteomyelitis of the proximal portion of the right tibia 
of six months’ duration. The focus was draining at the time of admission. 
4-A: Preoperative roentgenograms. Saucerization, sequestrectomy, filling of the defect with 
maatideiede rib grafts, and wound closure were done in one stage. The w ound closed per primam, and 
the patient has had no drainage or symptoms since operation. | 
Fig. 4-B: Roentgenograms taken three months after operation. 


Osteotomy defects were filled in two patients and solid union resulted. It seemed 
advisable to employ a bone graft as an aid in internal fixation in two instances. One was 
a subcapital fracture of the hip, in which grafting augmented a Smith-Petersen nail. In 
the other case, a merthiolate bone graft was used to fill a defect in the calcaneus, which 
had remained after elevation of a depressed fracture. 

CONCLUSIONS 
The process of fixation and replacement of both autogenous and known dead | 

homogenous bone grafts is accomplished in an identical manner, experimentally and 
clinically. 

2. The merthiolate bone bank offers a simple, inexpensive, and aseptic method of 
preserving homogenous bone. 

3. Merthiolate-preserved bone is well tolerated in the tissues, and early results ob- 
tained with grafts from the merthiolate bone bank compare favorably with autogenous 
grafts under similar circumstances. 
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three D. B., a white male, aged fourteen, had a central chondroma of the distal portion of the femur of 
omy eight months’ duration, causing partial epiphyseal growth arrest on the lateral aspect. 

: Fig. 5-A: Roentgenograms taken at the time of admission. The tumor was excised locally and the 
osed defect was filled with merthiolate ribs and iliac-bone chips. 

‘ Fig. 5-B: Appearance of defect two months after operation. 
d no 


Fia. 5-A Fie. 5-B 


4. No sensitivity to merthiolate has been encountered in any case. 
5. Experimentally and clinically, the early phases of healing are somewhat slower 
a) with homogenous grafts than with autogenous grafts. Therefore, it is important that 
immobilization be continued over a longer period of time. 
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DISCUSSION 
ob- Dr. ALBERTO INcLAN, Havana, Cusa: It is a great privilege for me to open the discussion on the inter- 
10US esting papers just presented by Dr. Reynolds and Dr. Oliver, and by Dr. Weaver. This privilege is probably 
due to my previous work in the use of preserved bone for grafting purposes. 
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Up to a year ago, when we were able to obtain a deep freezer and organize a bone bank, we kept our 
bone in citrated blood at a temperature of 2 degrees centigrade in a domestic refrigerator. It is gratifying to 
know that bone banks are being developed in many hospitals. 

I have no personal experience with the use of antiseptics and bacteriostatic solutions as preserving agents 
for homogenous bone. The technique used by Dr. Reynolds and Dr. Oliver is similar to that published 
by Brown and DeMere for a cartilage bank. 

The authors’ recommendation of their method of bone preservation is based upon their belief that all 
transplanted bone is dead bone. We do not entirely agree with this statement. More knowledge is necessary 
to decide this controversial point. Fresh transplanted bone seems to be rapidly revascularized before its cells 
have suffered necrosis. Histological examination of bone kept under refrigeration has demonstrated the 
preservation, for a certain period of time, of the characteristics of normal bone cells, which may mean that 
this tissue is capable of life if revascularization can be obtained within the proper time. The condition of 
the recipient bone must be considered of the utmost importance. 

The recent experimental work of Kiehn, Friedell, and MacIntyre, of Western Reserve University 
(“Study of the Vitality of Tissue Transplants by Means of Radioactive Phosphorus”, Plastic and Recon- 
struct. Surg., 3: 335-339, 1948) should be emphasized, since they concluded that fresh cancellous bone exists 
“‘as a vital graft, forming its own blood supply and integrating itself as a vital part of the system from the 
time it is transplanted. This is shown by the immediate assimilation of P® by the vital grafts, as compared 
to low uptake by the devital transplants” (boiled bone). Kiehn and his associates also observed that ‘‘re- 
frigeration may not depress the recovery of transplanted bone beyond a short initial stage”’. 

More time will be necessary to evaluate the use of this new method of bone preservation. Changing the 
solutions every two weeks with frequent manipulation, as well as the possibility of the recipient’s intolerance 
to mercurials, must be considered as possible disadvantages. 

Dr. Weaver presents a very thorough study of the evolution of preserved homogenous bone. It is diffi- 
cult to evaluate his results, due to the different types of operations performed and the various grafting ma- 
terials utilized. 

Use of a bone graft in an infected recipient bone will naturally increase the percentage of infection. 
I wouldn’t consider the rather high incidence of infection reported by Dr. Weaver as meaning a greatly 
increased danger of infection with the use of preserved bone, although he has not done bacteriological tests. 
In his series, infection developed in only one case which had previously been clean. 

I agree with Dr. Weaver’s statement that many factors in the postoperative evolution of bone-grafting 
are of importance in the production of failure. To those he has mentioned must be added an inaccurate fitting 
of the graft in the treatment of non-union of fractures. When using inlay grafts, I dhere to the principles 
recommended by the late Fred H. Albee. In many cases we add a dual graft, one of cancellous bone, as the 
best solution for some ununited fractures. 

We lost one graft in our last thirty cases, using homogenous bone from the deep freezer. The patient, 
with a tuberculous hip ready for a Brittain extra-articular fusion, had a deep tuberculous abscess. Still, the 
implantation of the graft was carried out and suppuration and disintegration of the graft was the result. 
The preserved bone graft must not be blamed for this failure, but rather poor judgment in its use. 

I have always expressed the opinion that a preserved bone graft should be used only when fresh autoge- 
nous bone is not available. However, during my experience with the use of preserved bone grafts, I have found 
that they can be substituted for fresh autogenous bone transplants. In some of my cases the grafts have 
been placed in the worst conditions for their integration and growth; still they have acted as well as fresh 
transplants. 


Dr. Putuie D. Witson, M.D., New York, N. Y.: I think we are all in agreement that preserved homog- 
enous bone grafts can be used with great advantage in orthopaedic operations. The question that is raised 
in the paper by Dr. Reynolds and Dr. Oliver is how the bone can best be preserved. They propose immersing 
it in a chemical! solution—namely, merthiolate —in order to prevent bacterial invasion and putrefaction; they 
claim that this does not affect the osteogenetic properties of the bone, or its toleration in the host tissues. 
They have experimented with the use of this bone in animals and have a fine exhibit in the scientific-exhibition 
section of this meeting, which attempts to show what happens. 

I have been working with preserved bone grafts since 1946 and, like Drs. Weaver, Bush and Garber, 
and many others, have been using refrigeration in sterile jars, at a temperature of between 10 and 20 degrees 
below zero centigrade, as the method of preservation. By careful bacteriological control of the material, 
we have been able to prevent infection. In a series of more than 200 operations in which this bone was used, 
our loss of bone grafts has been under 2 per cent., which is about the same as when fresh autogenous grafts 
are used. 

My criticism of the merthiolate method of preservation is that, when the bone is immersed in a chemical 
solution, there is the risk of altering the nature of that bone, because the chemicals are not inert. Even 
though the solutions are diluted, a foreign, toxic substance has been added which, in spite of attempts to wash 
it out, remains in the tissue, as is shown by the persistent stain. I believe that this foreign chemical is an 
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irritant and that it throws a greater burden on the healing powers of the host tissues than is produced when 
refrigerated bone is used. 

The series of cases reported is too small to give a true picture of what happens; but even so, the authors 
mentioned one case with loss of the graft and another with a draining sinus, although they reported no 
infections. 

Furthermore, the use of a chemical solution definitely destroys vitality in the bone. I am not yet con- 
vinced that there is complete absence of life in refrigerated bone, even though the histological studies of the 
healing grafts show very little evidence of it. The same may be said of the studies of healing of fresh autoge- 
nous grafts. There is a great deal of evidence to prove that living cells can resist prolonged exposure at very 
low temperature,—as, for example, bacteria, leukocytes, and tumor cells. I like to feel, when bone-grafting, 
that the cells have been given the chance to play a part in the healing. 

It seems to me, in this discussion of methods of preservation of bone, that there is great similarity to 
the early arguments over Lister’s antiseptic method as opposed to the aseptic method in operative surgery. 
I prefer to obtain sterile grafts and to keep them free from contamination, while the authors prefer the anti- 
septic method. It was a preference for Halsted’s technique of using heat-sterilized silk for ligatures and sutures 
that led many of us to give up the use of chemically sterilized catgut, and we believe that the wounds heal 
with less reaction, because of the absence of irritation. 

The merthiolate method offers only one advantage, in my opinion, over sterile refrigeration, —that is, 
that it may protect against the transmission of malaria or the virus of hepatitis or syphilis. Such a eomplica- 
tion is, however, very rare, and need not be feared when proper precautions are taken. We have had two 
instances of hepatitis and one of malaria after operations in which refrigerated homogenous bone grafts had 
been used; but all of these patients had received blood transfusions, and our studies indicated that the blood 
conveyed the infection and not the bone. 

I hope that Dr. Reynolds and Dr. Oliver will continue their work and will give us a later report of 
results when their series is larger. There is room for many different techniques in surgery, but we would 
be wise not to avail ourselves of new methods until after they have been thoroughly tried and proved. For 
this reason I shall continue to employ the method of refrigeration of sterile bone grafts, in preference to the 
merthiolate method. 

I consider Dr. Weaver’s paper interesting and worth while. He has done two things that have not previ- 
ously been reported: First, he has used cadaver bone, and, second, he has shipped refrigerated bone by the 
dry-ice method to other cities for use by other surgeons. Cadaver bone is difficult to obtain because of legal 
restrictions. Even when a person wills his body for scientifie purposes, it is not permissible to make use of it 
unless the consent of the next of kin has first been obtained. The law provides that, after death, legal title 
to the body is vested in the nearest relative. Even when no relative appears to claim the body, it must be 
kept for a certain period before it can be disposed of. Infection and decomposition set in rapidly, and the safe 
period in which to obtain the bone is only about six hours. In addition, the bone must be obtained under 
aseptic conditions similar to those in an operating room, which practically limits the availability of cadaver 
bone to a death occurring in the hospital. Also, the death must have occurred from some cause other than 
infection or tumor. All of these limitations have prevented us from using cadaver bone, and Dr. Weaver 
is to be congratulated upon solving these problems. Our own stock has been maintained by donations from 
patients undergoing operations where bone must be excised, and from amputated limbs. Resected ribs from 
operations upon the chest are also a valuable source of material for the bone bank. 

I think Dr. Weaver is perhaps a little discouraged, and unnecessarily so, over his failures. The number 
of infections was larger than is desirable, but this was largely because he was pioneering and had not devel- 
oped an adequate method of storing and sealing his bone material against infection. Also, he did not 
employ careful bacteriological control. I am sure that his results will improve, now that his bone bank is 
better organized and checked. 

Finally, I would like to say a word about the healing properties of refrigerated bone or preserved bone in 
comparison with fresh autogenous bone. No one can say at the present time that preserved bone serves in 
all respects equally as well as fresh autogenous bone. It certainly serves well for packing bone cavities in 
which healing is going on, and I think the results are comparable. Whether it serves as well for cancellous 
or cortical grafts, we cannot as yet answer. Much more remains to be learned, and it will require many years 
of experience before we can determine its exact field of usefulness. That preserved bone has a field of useful- 
ness is the only thing I would dare to be dogmatic about at present. 

I wish to thank the speakers for their valuable presentations, and to express my pleasure at the privi- 


lege of having been invited to discuss them. 


Dr. Frep C. Reynoups (closing): Concerning Dr. Incliin’s discussion, the report of Kiehn, Friedell, 
and MacIntyre in regard to the assimilation of P® does not necessarily demonstrate that fresh cancellous 
bone exists as a vital graft. In all probability, this only indicates the speed of revascularization of the types 
of grafts they have used, These observations correspond very well with our experimental findings. 

(Continued on page 814) 
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CAUSES FOR AMPUTATIONS PERFORMED AT WALTER REED 
GENERAL HOSPITAL DURING 1947 AND 1948* 


BY COLONEL AUGUST W. SPITTLER AND LIEUTENANT COLONEL LLOYD W. TAYLOR 
Medical Corps, United States Army 


In this survey, the cases of 293 patients were studied, who had had a total of 304 
extremities amputated. Eighty-two of these cases were excluded from the survey for 
such reasons as insufficient information available on battle-casualty records, or because 
final results had not yet been obtained on patients still in the Hospital. This left a total 
of 211 patients studied, in whom 220 extremities had been amputated (Table I). Two 
hundred and six of these patients had suffered from battle or other injuries; only five 


TABLE I 


ER REED GENERAL HOSPITAL DURING 1947 AND 1948 


AMPUTATIONS PERFORMED AT WALT 











Disease or Injury No. of Patients 





Vascular disease 





Thrombo-angiitis obliterans. . . batt 5: eate tieate seated 5 acale ats ete Aeaaa 1 
Buerger’s disease. ...... ere pe teaeceaardienm atta 1 

Tumor 
ESSE EET AC ERECT TEER ET TET 1 
RIGONOMAIREIEE GANOOTBE. 6.55 ii ccc c sce ccccasascuecsdsoes 1 
Synovioma..... Naat d wees Be Minato a cinalned tie a Rae Dik dd caloniem aes 1 
Pn IN oi, i/o) atd'a'a Sab eeolaw be cedees BTS bene 150 
Other injuries....... : ee ess leit ave Sete : ~~ ae 
Ee Pee A eS ee OTe ee 211 


Pees 





TABLE II 


OrIGINAL INJuRY TO EXTREMITY 








Involvement No. of Extremities 








Nerve only....... ideriste@irnte Rank oem ae aa naeerats Shes ranean entre sat dikrd 3 
AID oo tid sia bxiere essa iiteatari ra Mee SAS Sacre elem the ccariy Mia hers a seran abe es 9 
Muscle and vessel.. ...... ee 5a eas 4 
Bone and nerve........ cere cre Ba hens astese ak treat at facia ta ; 11 
PN NG MUI 5 isos oka soe saweeen paca ents aa ADIN Er eer: 116 
TE? ee RE MORE TT LT eT ee EH 6 
Bone, nerve, and vessel. . ocsiatinatsat esas raue ee Tee eee ; 3 
Bone, nerve, and muscle... . . Me tee Pa soe Pesakie ater aie aoa Seif Aete . 24 
Py HOE NU EN TN ooo isch bused edoasdacnlewlceniaimatsic tee 39 
Ms fs esd eds os aaa ee tata as ee s e es Paar ere fa 





amputations were for vascular disease or tumor. The cases selected for study represent 
a fair cross section of the amputations performed during 1947 and 1948 at Walter Reed 
General Hospital. 

The type of original injury, as to bone, nerve, muscle, or vessel involved, is shown 
in Table II. 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 27, 1949. 
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TABLE II 


NERVE INJURIES IN Erauty EXTREMITIES 


No. of Times 











Nerve Involved Nerve Was Involved 
I ise eae eA re, g Saa ol aca eG auicy a ptalntg aetce trate eae ei Ae wee 3 
ae I gid aod a 2S hn dias ar a tate ees Sukh eRe Od Gr 25 
Peroneal...... CE OM ene tree aR ee ETAL ee Pee eRe ey PO ee amet 30 
RS ere tee ee meee ce TOI sre aie aoe eae ree aren 32 
EE eee RT DUR ee Ree Meer NS: BORE 3 
Brachial plexus........... Ratna orale ia Sater ea eee eee ‘ 2 
SEE eee er OO Mine Ree teed ee seme acho hannah eee since 10 
en ree RPP mee rer oT hee ey Tee ere OL eee ee 11 
ee asks ha. ccc Re Pern eee ey et ee te eee panes a aes 10 
xk hice gious an Mares Eee ee ee Pe Em aE : .s ao 


TABLE IV 


Bone INJURIES 


Site of Injury No. of Extremities 
EBT ae Cet nee ere : 16 
a | re sae atclpsnsies Pace halér death Os slo ioe Sh 67 
Foot and thigh............. pice acess a aden oeoes 1 
Ns ss a oh Koes SS AMARA RMON G Se eeaw ered ‘ 17 
Eee TE Oe oe Ee Biiad ing ic aua echo 39 
Leg and thigh. ....... pcabem nage abalee and atone Rie 24 
Thigh.... EE er ELE TTT POLE re tadadeniassa sees Seb 28 
ERS eee en ee ‘ Slice Stele nee 3 
Hand and forearm........ aie teed 5 es aan 8 
Hand, forearm, and arm................... ee ee vate 1 
Oe ae ee 2 

2 


; | re eee en ere ee ee ee ee ere Tee See on ; 208 


There were nerve injuries in eighty extremities, 126 nerves being affected (Table III). 
Traumatic amputations were included in this total. 

A hand which is completely anaesthetic is a major disability and is a cause for ampu- 
tation. This is equally true of a foot with a completely anaesthetic plantar surface which 
ulcerates as a result of weight-bearing. Ten cases of this type were observed, in which the 
sole cause for amputation was an anaesthetic foot, with areas of local necrosis on weight- 
bearing, secondary to an irreparable injury to the tibial or sciatic nerve. 

The sites of the original bone injury are shown in Table 1V. There were bone in- 
juries in 208 extremities in this series. 

The major causes for amputation were: gas gangrene, traumatic loss of limb, osteo- 
myelitis, vascular insufficiency, joint lesions, shortening, muscle damage, non-union, an 
unsatisfactory weight-bearing surface, and paralysis or nerve injury. Other than gas 
gangrene, traumatic loss of limb, and vascular insufficiency, no single cause listed ac- 
counted for amputation. Table V shows the combination of causes. 

Amputations were performed upon eight patients because of gas gangrene, secondary 
to extensive injuries of the extremities. The guillotine amputation had been performed 
before these patients arrived at Walter Reed General Hospital. Guillotine amputation 
played an important part in the treatment of the 220 amputated extremities, as evidenced 
by the fact that a guillotine amputation was performed on ninety-eight extremities at 


r 
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TABLE V 


C CAUSES FOR n Aururarson ¢ OF andes EXTREMITIES 








Goheompelitie amd: potest Tomtom... . . 5... i ce ve ceec ee eceecas eee. ne ee 


ND I ccc ar Ciena hae BLS ae cn wee KR Ok RMR Liatr on , 5 
Osteomyelitis, joint lesion, and muscle damage.....................0 200 cece eceeee eee 12 
Osteomyelitis, joint lesion, muscle damage, and vascular insufficiency... .. . . ABs YONG: et 16 
Osteomyelitis, joint lesion, shortening, muscle damage, and non-union.................. oc 
Osteomyelitis, joint lesion, nerve injury, muscle damage, and vascular insufficiency ......... 18 
Osteomyelitis, joint lesion, nerve injury, muscle damage, and unsatisfactory weight-bearing 
iu’). sahcasi craks owe seer ttha V8. doe aes A Fc SIE ate. Re NCL CS Nie) bE. ante prale eieitie 4 
Osteomyelitis, joint lesion, and unsatisfactory weight-bearing surface.................... or 12 
Osteomyelitis, nerve injury, vascular insufficiency, and muscle damage.............. Sh coset, 10 
Osteomyelitis, nerve injury, vascular insufficiency, shortening, non-union, and muscle damage. . 12 
Osteomyelitis, shortening, non-union, and muscle damage............. e Roel a . 85 
|. SIE RR te cd arenes Marirer ane ere rey erin) Sareea cee Each. Pee ee ee 8 
Traumatic loss of limb. he i Si cab aebiees aires ocbes oe sidpain ee Sr Bolas , 18 
Vascular insufficiency (due to injury). . eee eee ere o ee ee 8 
Nerve injury, vascular insufficiency, joint lesion, and muscle damage. eee 6 
Nerve injury and cneaitnetany Ww —_ -bearing surface........... geese. Midi cdias, eee 








Total Ce gare tens < eaneamwe tie ices Dandies zeiateaataente 


some time during treatment. Fifty-eight of these were performed at Walter Reed Gen- 
eral Hospital and forty at other hospitals. 

Although no amputations were performed for osteomyelitis alone, this disease is the 
major contributing cause for amputation (Table V). The authors believe that sulfona- 
mides and other antibiotics have contributed little, if at all, to the cure of chronic drain- 
ing osteomyelitis in adults, although they do give systemic benefit during an acute flare- 
up of osteomyelitis. Adequate surgery and drainage are still the treatment of choice. 

Nine patients in this series had both lower extremities amputated; eight of them had 
been in the hospital from two to four and one-half years to save a defective contralateral 
limb. The average rehabilitation period after removal of the poorly functioning, painful 
extremity was less than four months. Amputation of one extremity is not a contra-indi- 
cation to amputation of a poorly functioning, painful contralateral extremity. The same 
criteria for amputation should be applied to each extremity. 

Sixteen Syme amputations were performed on patients with unsatisfactory weight- 


TABLE VI 


Time ANALYsIS OF HOSPITALIZATION 


| 








Interval between | | Interval between 
. Extremities Injury and | Average No. of | Final Amputation 
Group ] | Amputation Operations Prior | and Rehabilitation 
| (No.) | (Per cent.) | (Months) to Amputation | (Months) 
A | 5 | 2.3 | 48andover | 16.4 3 
B | 5 | 2.3 42 through 47 | 12.4 4 
C 23 | 10.7 | 36 through 41 | 10.0 41, 
D 36 CO 16.7 30 through 35 9.0 316 
E | 59 27.4 | 24 through 29 | 8.0 1 
i 28 13.0 18 through 23 7.0 4 
G 8 3.7 12 through 17 | 7.0 4 
H 4 1.9 7 through 11 3.0 4 
I 47 21.9 | 6 or less 2.0 3 
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TABLE VII 


SITES FOR AMPUTATION IN 211 Patients’ 


No. of Amputations 


Upper extremity 


Wrist (disarticulation) ; 1 
Below the elbow. . . ; ae Pues : ? ; 9 
Above the elbow. . Lt ee are eehton, ; 8 
Forequarter (interscapulothoracic).. . . , 1 
Lower extremity 
Ankle (Syme)... . . 16 
Below the knee............... : 111 
Short below the knee (bent knee). . . ; 2 
Above the knee. ee ; 53 
Above the knee (supracondylar tendoplasty).... . 5 
Above the knee (Gritti-Stokes)... . 7 
Hip (disarticulation) .... 7 


* This number includes nine bilateral amputations. 


bearing surfaces (Table VII). All of the feet had one or more associated conditions, such 
as osteomyelitis, joint disease, muscle damage, or nerve paralysis. Nine of the amputa- 
tions were performed because of failure of full-thickness skin grafts, located on weight- 
bearing surfaces. Skin grafts applied to weight-bearing surfaces almost invariably fail 
when they are too massive to receive complete protection by the use of special shoes and 
supports. Six Syme amputations were performed because of painful, incapacitating feet, 
for which a complete arthrodesis (ankle fusion and triple arthrodesis) had been performed. 
A Syme amputee walks better and is less disabled than an adult who has had a foot injury 
severe enough to require panarthrodesis. Almost invariably these severe foot injuries 
were associated with traumatic arthritis and periarticular fibrosis of the remaining joints 
of the feet. 

Table VI shows the time interval between the injury and final amputation, but not 
the months of mental anguish, chronic infection, and conversion reaction, all in the at- 
tempt to save useless extremities. Over 75 per cent. of the extremities had been treated 
for more than a year before amputation, and in each group an average of between 7 and 
16.4 operations had been done on the extremity prior to amputation. Over 72 per cent. 
of these extremities had been treated for eighteen months or longer with a similar range 
in number of operations. In almost 60 per cent., the patients had spent over two years in 
hospitals, averaging from 8 to 16.4 operations on the extremity prior to amputation. It 
can be safely stated that the percentage of successful end results is in inverse ratio to the 
number of operations required to produce that result. 

In the treatment of amputees where an abdominal belt may be required by the 
prosthesis, bone grafts should be removed from the iliae crest on the same side as the 
affected extremity. This is because the abdominal belt rests below the contralateral iliac 
crest, opposite to the amputated extremity. 

In twenty-three patients, the fibula had been sacrificed electively in carrying out 
the planned _reconstruction program of the injured extremity. This method of reconstruc- 
tion is highly unsuccessful and is believed to be unnecessary in the light of the tremendous 
progress in cancellous bone-grafting in the past ten years. 

The sites of amputation are shown in Table VII. As in most series, the below-the- 
knee amputation was used most frequently; in nineteen of these cases it was necessary to 
select a higher site for amputation, because the skin was poor as a result of previous opera- 
tive scars or skin defects. This was particularly true in those cases in which a weight- 
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bearing type of amputation, such as a Syme, Gritti-Stokes, or supracondylar tendoplasty, 
could have been performed if good skin had been present. 

In reconstructive surgery on an injured extremity, the possibility of amputation 
should always be considered; and operative incisions should be planned so that, if ampu- 
tation becomes necessary, it can be done at the lowest possible level. 

CONCLUSIONS 

1. Unilateral amputation is not a contra-indication to amputation of the contra- 
lateral extremity. The criteria for amputation should be the same for each extremity 
under consideration. 

2. Skin-grafting of any type to full weight-bearing surfaces is so highly unsatisfac- 
tory as to condemn the procedure in general. 

3. Elective sacrifice of the fibula in a reconstruction program is highly unsatisfactory 
and unnecessary, in the light of our knowledge of the favorable results from cancellous 
bone-grafting. 

4. A Syme amputation is the best major amputation through the extremity. It is 
preferable from a functional standpoint to a complete arthrodesis of the foot, or to any 
amputation through the tarsal region. 

5. When amputation is a possibility, surgical incisions should be so placed as to 
permit amputation at the lowest possible level, should this procedure become necessary 
at a future date. 

6. When amputation is a possibility, the removal of cancellous graft from the ilium 
should be done on the affected side, and not on the contralateral side. 

7. Needless operative procedures which promised little, if any, possibility of success 
were performed on the patients studied, causing prolonged months and years of hospitali- 
zation, psychological trauma, conversion reaction, and general systemic damage, sec- 
ondary to prolonged periods of chronic infection. Early evaluation of these cases and the 
application of sound surgical principles could have prevented a large proportion of these 
undesirable problems. The principle most often disregarded in these cases was that am- 
putation is a sound method of treatment and not a last resort. 


DISCUSSION 


Dr. Rurvus H. AtLpreper, New ORLEANS, LovuistANa: Colonel Spittler and Colonel Taylor have made 
an exhaustive study of the causes for amputations in the Army during 1947 and 1948. They have also called 
attention to some of the most important fundamental aspects in the care of the seriously injured extremity. 
The authors deserve credit for presenting such an honest statement of the results of surgical treatment which 
not only failed in the end, but often used up several years of the patient’s life. 

We still see an occasional War Veteran who, despite several major operations with good immediate re- 
sults, finally requests amputation, after having carried on fairly well for several years. I agree that it is very 
important for every case to be carefully evaluated early by experienced surgeons, so that the number of late 
amputations can be reduced to a minimum. 


Dr. Francis M. McKeever, Los ANGELEs, CaLirorNiA: The authors have presented over 200 pa- 
tients, mostly battle casualties of World War II, with severely injured extremities. Included are patients 
with compound, comminuted fractures, extensive soft-tissue damage, and, in many instances, an associated 
nerve injury and infection. After attempts to salvage the extremities of these patients by skin grafts, bone 
grafts, and nerve sutures, amputation was finally resorted to; these represent failures, in the lexicon of re- 
constructive surgery. It is unfortunate that the authors have not tabulated the percentage of the entire 
group of battle casualties of World War II which this group of failures represent. It is certain that there is 
a large group of those injured in battle, with extremities injured just as seriously as those reported in this 
group, who are still using their arms and legs comfortably and satisfactorily, and for whom a well-planned 
program of reconstructive surgery was successful. 

The point of this paper is, I believe, that a program of reconstructive surgery which is doomed to failure 
should not be continued indefinitely when the success of a bone graft and multiple-stage, time-consuming 
operations will result in an extremity so limited in function by joint stiffness, circulatory insufficiency, and 
impaired sensation that it is a drawback rather than a benefit. The patient should have an amputation 

(Continued on page 819) 


THE JOURNAL OF BONE AND JOINT SURGERY 





; 


sty, 


tion 
:pu- 


tra- 
nity 


fac- 


ory 
lous 


t is 
any 


; to 
ary 


um 


1eSS 
ali- 
ec- 
the 
ese 
m- 


ade 
lled 
ity. 
lich 


re- 
ery 
late 


pa- 
nts 
ted 
one 

re- 
tire 
e is 
this 
ned 


ure 
ing 
und 
ion 


-RY 





EARLY EFFECTS OF PARTIAL SENSORY DENERVATION OF THE HIP 
FOR RELIEF OF PAIN IN CHRONIC ARTHRITIS * 


BY BENJAMIN E. OBLETZ, M.D., L. MAXWELL LOCKIE, M.D., ELMER MILCH, M.D., 
AND IRVING HYMAN, M.D., BUFFALO, NEW YORK 


From the University of Buffalo School of Medicine and 
The Buffalo General Hospital 


Chronic arthritis of the hip has always been a difficult problem for the orthopaedic 
surgeon. The many non-operative and surgical procedures which are currently practised 
are well known and their limitations are recognized. To these procedures may be added 
the operation of sensory denervation of the hip for the relief of pain. This paper reports 
the early effects of partial sensory denervation, a procedure which gave some measure of 
relief from pain to twenty-eight of forty-two patients. 

Pain is the major disabling factor in chronic arthritis of the hip, regardless of etiology. 
Other factors include spasm, deformity, limitation of motion, and weakness. The location, 
character, and intensity of the pain vary greatly with the individual patient, but there 
seems to be no correlation between the type of arthritis and the pain pattern. Pain may 
be constant or intermittent, and may 
be dull to sharp in quality. Weight- 
bearing, fatigue, and weather changes ¢ 
usually intensify the pain, while rest, 
heat, salicylates, and sedatives give 
temporary relief. 

Definite patterns of pain (Fig. 1) 
can be distinguished: \ 

1. Obturator Pattern: The pain is —} | 
deep in the groin and radiates along 
the medial aspect of the thigh to the | | 





knee. Occasionally it appears to be in \ \ 
the knee, without associated pain in | 
the hip or thigh. ] 4 r 
2. Posterior Pattern: The pain is <// Nee 
in the buttock behind the hip joint, A B mae 
‘1G, 


usually without any radiation. ee 

3. Femoral Pattern: The pain ra- 4 Common pain patterns in chronie arthritis of the hip. 
diates from the inguinal ligament to 8B: Obturator pattern (medial). D: Posterior pattern. 
the knee, anteriorly. 

4. Lateral Pattern: The pain is over the greater trochanter and radiates down the 
lateral aspect of the thigh to the knee. 

The obturator pattern is seen in nearly all patients with painful arthritis of the hip; 
often it is combined with the posterior pattern. The other patterns are rarely encountered 
except in conjunction with the obturator pattern. 

These pain patterns are reflex manifestations of irritation of the sensory nerves to 
the hip joint. The location of the reflex pain corresponds to the anatomical distribution of 
the motor components of these nerves in the thigh and buttock. 

The hip joint is supplied by articular branches from three major nerves: 

1. Obturator Nerve: These branches arise from the ventral divisions of the second, 

third, and fourth lumbar nerves. 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 28, 1948. 
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Fig. 2 


Posterior sensory nerve supply to the hip joint. 

Common pattern is shown at left. The sensory branch arises from the nerve to the quadratus 
femoris, which is given off by the sciatic nerve. 

Anatomical variation is seen at right. The sensory nerve arises as an independent nerve from 
the sciatic trunk in five of twenty-four dissections performed by Kaiser. 


A. Accessory Obturator Nerve: These branches arise from the ventral divisions of 
the third and fourth lumbar nerves, and are present in 20 to 30 per cent. of 


the individuals. 

2. Femoral Nerve: These branches arise from the dorsal divisions of the second, third, 
and fourth lumbar nerves, by way of the branch to the rectus femoris. 

3. Sciatic Nerve: These branches arise from the two ventral divisions of the fifth 
lumbar and first sacral nerves, by way of the branch to the quadratus 
femoris. 

Anatomical variations in the distribution of the articular branches from the obturator 
and accessory obturator nerves are reported in detail by Kaiser. His dissections reveal 
lesser variations in the capsular branches from the sciatic nerve to the posterior portion 
of the hip joint (Fig. 2). No satisfactory approach to the articular branches of the femoral 
nerve has been found, and this denervation has not been attempted. 

Spasm and contracture of the muscles supplied by the motor components of these 
nerves produce the flexion, adduction, and external-rotation deformity characteristic of 
chronic arthritis of the hip. Spasm can be demonstrated objectively by the electromyogram 
(Figs. 3-A and 3-B). In many of the authors’ cases, electromyographic studies were made 
to determine the presence of tension in the adductor muscles. Recordings were obtained 
with a six-channel ink-writing oscillograph, which picked up muscle potentials with either 
surface or needle electrodes. The most effective recordings were obtained when needle 
electrodes were inserted into the adductor longus muscle of each thigh, the normal side 
being used as a control. The patient was recumbent in a comfortable position with the 
thighs supported for complete relaxation. 

In normal human muscle in a relaxed state, there is no evidence of electrical activity. 
Involuntary muscle tension in the form of biphasic spikes was found in a large number 
of patients with all types of painful arthritis of the hip, tested preoperatively. 
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Fie. 3-A 
D. O. Electromyographic tracings of spasm in the adductor muscles in a patient with bilateral 
osteo-arthritis of the hip. Preoperative tracing made on June 17, 1947. 
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Fig. 3-B 





Tracing after intrapelvic section of the left obturator nerve (June 25, 1947). 


RATIONALE OF DENERVATION OF THE HIP 


Interruption of all pain pathways from the arthritic hip joint to the central nervous 
system should abolish pain perception. This interruption is possible at different levels and 
by different approaches. Chordotomy, posterior rhizotomy of the third and fourth lumbar 
sensory roots, and peripheral sensory denervation of the hip joint have been practised. The 
least harmful and least difficult operation is that of partial denervation of the hip, which 
consists of obturator neurotomy and section of the nerve to the quadratus femoris. 

Camitz, in 1933, first reported section of the obturator nerve to paralyze spastic 
adductor muscles in osteo-arthritis of the hip. He was not concerned with interrupting 
the articular sensory branches of the obturator nerve. 

Tavernier and Godinot, in 1945, reported in detail their experience with the surgical 
treatment of osteo-arthritis of the hip. Between 1934 and 1943, they performed obturator- 
nerve section on fifty-seven patients. Through an extrapelvic approach, they sectioned the 
posterior branch and the articular branches of the obturator nerve in twenty-five patients. 
In the other thirty-two, they sectioned only the articular branches. Immediate results 
showed relief from pain in forty-five of these patients, but, after a longer observation 
period, only 38 per cent. still had good relief from pain. Between 1943 and 1945, they 
combined the obturator-nerve section with section of the nerve to the quadratus femoris. 
Of twenty-four cases, twenty-two had satisfactory relief from pain. Other surgeons have 
reported their experience with this operation. 
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Selection of Patients 


The patient selected for denervation is one who has the obturator or posterior pattern 
of pain, not relieved by conservative therapy, in whom standard orthopaedic reconstruc- 
tion operations are contra-indicated because of old age, feebleness, obesity, or lack of 
determination, or because the arthritis is bilateral. The long convalescent period and 
the economic burden associated with these operations further restrict the indications for 
reconstructive surgery. Partial denervation of the hip can be performed regardless of 
these contra-indications. 

OPERATIVE METHODS 
1. Obturator Neurotomy 


This can be done by either the intrapelvic approach, advocated by Selig and by 
Chandler and Seidler, or the extrapelvic approach advocated by Tavernier. By the intra- 
pelvic neurotomy, the entire nerve is sectioned before it gives off its sensory branches to 
the hip. The exposure is extraperitoneal, and is easier to perform than the extrapelvic 
approach to the nerve. It is particularly applicable to bilateral cases and is the authors’ 
method of choice. 

The extrapelvic approach to the obturator nerve has been advocated by Tavernier 
and his associates, because it permits section of only the sensory branch, without the 
adductors being paralyzed. According to their writings, the articular branch is given off 
laterally from the posterior division of the obturator nerve after it leaves the obturator 
foramen. No such constancy of distribution has been found in the authors’ dissections. 


A. Intrapelvic Approach 

The intrapelvic technique employed by the authors varies only slightly from that 
described by Chandler and Seidler. The same incision may be used for unilateral or bi- 
lateral intrapelvic obturator neurotomy. 

Before operation, an indwelling catheter is inserted so as to avoid disturbing the 
urinary bladder. The operation is performed with the patient in the Trendelenburg posi- 
tion, which permits the extraperitoneal portion of the pelvis to be explored more easily. 
Complete relaxation of the rectus muscles is essential, and can be achieved through the 
judicious use of curare by the anaesthetist. 

A Pfannenstiel incision is made in the pubic fold (Fig. 5), bounded on each side by 
the linea semilunaris, including the skin, subcutaneous tissue, and superficial fascia. The 
rectus sheath is split transversely across the body of both rectus muscles or over only one 
of them, depending upon whether a bilateral or unilateral neurotomy is to be performed. 
The distal portion of the rectus muscle is then separated from the anterior sheath by com- 
press dissection. After the lateral border of the rectus has been exposed by means of finger 
dissection, the bladder and peritoneum are reflected posteriorly and medially; the dis- 
secting finger then sweeps out laterally over the obturator foramen, along the lateral wall 
of the lesser pelvis, until the nerve is palpated. At this point an aneurysm hook is placed 
about the nerve and it is gently separated from the surrounding structures by blunt dis- 
section. The nerve is pinched with a clamp to evoke contraction of the adductors and to 
confirm the identity of the nerve before it is sectioned. At least an inch of the nerve is 
excised between ligatures. The wound is closed in layers. 

Care must be observed not to injure the epigastric vessels when the operator is re- 
flecting the bladder and peritoneum posteriorly and medially. 


B. Extrapelvic Approach 


A vertical incision, five inches long, is made in the upper portion of the thigh at a 
point halfway between the femoral artery and the symphysis pubis (Fig. 4). The sub- 
cutaneous fat is divided and the vaginal fascia of the thigh is split in the line of the incision. 
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This exposes the lateral border of the adductor longus and the adjacent border of the 
pectineus. These two muscles are separated and retracted. The obturator nerve is easily 
found in the interval between these muscles. The anterior branch lies between the ad- 
ductor longus and the adductor brevis, which is just beneath it. It is traced proximally 
until the obturator foramen is reached. The obturator nerve divides into anterior and 
posterior branches, usually after leaving the obturator foramen. Lateral branches from 
either the anterior or posterior branches are looked for and, when found, are divided. The 
anterior and posterior branches are cut as close to the obturator foramen as possible, and 
about one inch of the nerve is resected. The incision is then closed in layers. 


2. Posterior Denervation 

The skin incision is made in ce 
the distal two thirds of the line 
drawn from the posterior superior _gerAnt sup. spine 
spine of the ilium to a point half- =) 
way between the greater and 
lesser trochanters (Fig. 6). The 
subcutaneous fat is divided in 
this line to expose the glutaeus 
maximus. The fibers of the glu- 
taeus are split bluntly in their 
long axis, starting at the greater \, 
trochanter. The entire depth of 
the muscle is divided and re- 
tracted forcibly, exposing the sub- 
gluteal fatty areolar tissue, in 
which can be seen the sciatic 
nerve. The nerve is not disturbed, 
but the fat covering the quad- 
ratus femoris, inferior gemellus, 
obturator internus, superior ge- 
mellus, and piriformis at the intertrochanteric line is divided to expose these muscles. 
A blunt instrument is introduced under the insertions of the gemelli and obturator in- 
ternus, and these muscles are divided cluse to their insertions. They are then reflected up- 
ward and medially as far as possible, being best peeled off the underlying hip capsule by 
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Extrapelvic technique of obturator neurotomy. 


compress dissection. Very little bleeding is encountered. 

These muscles, when reflected, serve to protect the sciatic nerve from injury. The 
posterior portion of the hip capsule is thus exposed, with the broad quadratus femoris 
forming the lower border of the operative field. The nerve to the quadratus femoris can 
often be palpated as a cordlike structure which runs perpendicular to the muscle and enters 
the undersurface of the muscle near the ischium. The nerve lies directly on bone and is 
covered by a very dense fibrous fascia, so that sharp dissection is required to mobilize it. 
When the nerve has been exposed, it is pinched with a hemostat and the quadratus femoris 
is seen to contract. The nerve is then cut at the border of the muscle and gently freed 
proximally by incising the overlying dense fascia. Branches from this nerve to the hip 
‘apsule are looked for and, when found, are divided. The nerve is traced back as far as 
possible, until its origin from the underside of the sciatic nerve is reached or until it dis- 
appears under the piriformis. The nerve is divided as high as possible. 

The nerve to the inferior gemellus is found, entering the undersurface of the reflected 
muscle, and is cut at its insertion and traced proximally as far as possible. This nerve may 
also give rise to articular branches. 

Occasionally a large sensory branch comes off the sciatic nerve, just above the nerve 
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TABLE I 
ErtoLoGicaL Factors, AGE, AND NUMBER OF FAILURES 











No. of Average Age No. of 
Patients (Years) Failures 
INN 0 So. sh oa en A gnadin <n avers or Sal ele aA eens cnet 24 65 8 
a eae a oe 47 1 
Marie-Striimpell disease. ....................0022005. 3 45 1 
Aseptic necrosis 
cs! 2 83. d0ishs cltaefihe tra atone ete ae RRS mine wn 3 10 1 
EE ER CORE PEE OTe 4 
Congenital dislocation.................. Steere Nth i 38 2 
Old Perthes’ disease................. EE ee ee 1 40 1 





+) AREER ei ten eh Boh Adsl en ere ee ee ae ee ae eee ae Me 42 14 





to the quadratus femoris, and runs parallel to this nerve as far as the hip joint, where it 
divides into small branches and enters the hip capsule. This nerve must be looked for and, 
if found, resected. It was present in five of twenty-four dissections made by Kaiser‘. 

The divided and reflected rotator muscles are then sutured to their place of insertion 
at the greater trochanter. The glutaeus maximus fibers come together easily, and the thin 
overlying fascia is sutured loosely. Subcutaneous and skin closures are performed in the 
usual manner. No drains are needed. 

The intrapelvic obturator neurotomy and posterior denervation are performed as one 
operation, bilaterally if desired. The postoperative care is simple, and the patient may sit 
up or even get out of bed on the day after the operation. The usual period of hospitalization 
is from eight to ten days. No serious operative complications have been experienced. 

This report is based upon experience with partial denervation of forty-eight hips in 
forty-two patients, treated between May 1946 and October 1947 (Table I). In all instances 
the arthritic changes in the hip joint were well advanced clinically and roentgenographi- 
cally. Conservative therapy had been tried without benefit in all of these patients. The 


TABLE II 
OPERATIVE PROCEDURES 





Relief No Relief 
Obturator neurotomy 
ae Ee eee ae ee a TO ee 10 2 
Extrapelvic...... ae ns a8 10 11 
Posterior denervation....... ae <n 0 
Combined one-stage partial denervation... .. 6 1 
Totals. 28 14 
(67%) 








sarliest cases were treated only by extrapelvic obturator neurotomy. After several failures, 
the authors changed to the intrapelvic obturator-nerve section with better results. In 
patients with the obturator pattern of pain, only the intrapelvic obturator-nerve section 
appeared to give relief. Two patients with the posterior pattern of pain were relieved by 
posterior denervation alone. Patients with the obturator pattern plus posterior or other 
patterns of pain were subjected to the combined operation of intrapelvic obturator neu- 
rotomy plus posterior denervation. Some of these operations were done in two stages, and 
it was possible to evaluate the early effects of the obturator neurotomy before the posterior 
denervation was performed. In the last seven patients the combined operation was per- 
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formed in one stage, with satisfactory relief of pain in six patients (Table 11). In this series, 
no attempt was made to locate and section the accessory obturator nerve. 
EARLY EFFECTS OF PARTIAL DENERVATION OF THE HIP 
Not enough time has elapsed to permit a final evaluation of the results of this opera- 
tion. Since they were based on an observation period of from three to twanty months, we 
can record our impressions only of the early effects. It is hoped that further observation 
and experience will permit a more valuable end-result study. 


Pain 

Accurate evaluation is not possible, because of the subjective nature of the response. 
Complete relief from pain is rarely acknowledged, but partial relief is accepted with grati- 
tude by most patients in whom the operation succeeded. Residual postoperative pain is 
usually of a milder character and a different pattern than the preoperative hip pain. 
Patients with the obturator pattern of pain may get relief from obturator neurotomy, 
only to be aware of pain of lesser intensity in other locations about the hip joint. 

An estimate of the relief from pain may be obtained by the diminished need for aspirin 
or sedatives, or by the degree of relief noted by other members of the family when the pa- 
tient is recumbent, sitting, or walking. Some patients, who felt no improvement in the hip 
pain when walking, reported relief while at rest. Most reported that they slept better. 

The earliest effect of the operation on pain is seen almost as soon as the patient re- 
covers from the anaesthesia. Pain in the operative areas does not mask the relief from deep 
hip pain. Radiating thigh pain disappears, along with a feeling of tenseness in the thigh. 


Range of Motion 

In very few of the patients has there been a measurable increase in hip motion after 
this operation. Most, however, have been able to abduct their legs better and to assume a 
broader stance. Others reported that they were able to put on their shoes and stockings 
after the operation, a procedure prohibited previously by pain. This was a welcome 
improvement. 


Spasm 

The patient is aware of relief from tension in the adductor region as soon as he re- 
covers from the anaesthetic. This is verified by postoperative electromyographic tracings, 
which show almost complete disappearance of the previously observed spontaneous muscle 
: activity. 


Strength 

One detrimental early effect of the obturator neurotomy is the weakness in flexion of 
the hip in a few patients, due to the loss of reinforcing flexion action of the adductor longus 
and adductor brevis. This weakness has not added to the disability of these patients. 


Sensation 

Postoperative neurological examination showed an area of diminished sensation over 
the medial aspect of the thigh, just above the knee, in a few patients. They complained 
of numbness in this area. 


Deformity 

The operation has not corrected any existing deformity. Undoubtedly the persistent 
attitude of flexion, adduction, and external rotation is due to fixed contractures, and is 
not influenced by the release of spasm of the involved muscles. Irregularity of the articu- 
lating surfaces of the hip joint also influences the deformity and this, of course, is not 
altered by the denervation procedure. 
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SENSORY DENERVATION OF THE HIP 813 


Shortening 


Shortening is not influenced by the operation. 


Joint Changes 

Follow-up roentgenograms have not disclosed any changes in the arthritic process. 
More time will be needed to evaluate the effect of the operation on the course of the 
arthritis of the hip. 

In fourteen of the forty-two patients, absolutely no relief from pain was experienced. 
Most of these failures were in patients treated by the extrapelvic obturator neurotomy. 
Reoperation was not done. The authors could not predict success or failure in any patient 
before surgery. 

CONCLUSIONS 

Partial denervation of the hip has been performed for the relief of pain in various 
types of chronic arthritis of the hip. This operation consists of an intrapelvic obturator 
neurotomy and section of the nerve to the quadratus femoris. It is relatively easy to 
perform and produces no constitutional reaction, so that it is applicable to a large group 
of patients. 

Of forty-two patients with painful arthritis of the hip who were thus treated, satis- 
factory relief from pain was obtained in twenty-eight. The longest postoperative observa- 
tion period was twenty months. When obturator neurotomy alone was used for the relief 
of pain, it was found that the intrapelvic approach was more effective than the extrapelvic 
operation. Eleven of the fourteen failures in this series were treated by extrapelvic ob- 
turator-nerve section. Lack of consistently satisfactory results may be attributed to 
anatomical variations in the sensory nerve supply to the hip. 
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DISCUSSION 

Dr. Emanvet B. Kapitan, Bronx, New York: Dr. Obletz’ paper is very interesting and timely. This 
method, which was initiated in Sweden and used widely in France, is a useful one. We had a patient with 
Marie-Striimpell disease upon whom we tried the method in 1945, by the extrapelvic route, on one hip. The 
patient felt so well that he asked us to do the operation on the other side. The result was so satisfactory that 
he returned to his work as a gardener. Since then we have operated upon fifty-four patients, the results of 
which will be published shortly, and we have now operated upon twenty more. We have used only the extra- 
pelvic method, because it appeared more simple. It is important to place the incision along the lateral border 
of the adductor longus in order to locate the obturator nerve in the interspace between the adductor longus 
and the pectineus. It is easy to identify the two branches of the nerve in the areolar tissue in this area. 

The posterior route, which we have used in three cases only, is slightly more difficult. As Dr. Obletz 
said, it is necessary to extirpate the nerve to the quadratus femoris. We use a slightly different approach, 
which we think is simpler. With the apex of a semicircle over the greater trochanter, one branch goes down 
to the femur and the other is almost parallel to the fibers of the glutaeus maximus. Through this incision we 
cut. the femoral insertion of the glutaeus maximus. This is an area where bleeding occurs. Bleeding is much 
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easier to control when the glutaeus maximus is freely retracted. We have to be extremely careful because 
the inferior gluteal artery may be injured, resulting in severe bleeding. 

This method opens new horizons as to understanding of pain in joints. We all think that the ordinary 
articular nerve branches are going the way they have been described by Dr. Obletz and many anatomists. 
Not much is known about the microscopic endings of those nerves. We have absolutely no idea how the pain 
stimuli are carried to the central nervous system. Investigations show that rhizotomies and peripheral-nerve 
seetion do not prevent the experimental animal from having painful sensations as a result of irritation of the 
extremities. 

In the posterior approach, Dr. Obletz divides not only the nerve to the quadratus femoris, but also the 
external rotator muscles; in the anterior approach, the nerve supply to the adductor muscles. It is possible 
that he thus interrupts the sensory nerves to the muscles and the motor nerves, which would amount to 
indirect tenotomies. 


Dr. J. ALBERT Key, St. Louis, Missouri: I have used this operation for over fifteen years for pain in 
the hip. Roy Abbott and others use it for spastic conditions of the adductor muscles. The intrapelvic ap- 
proach was described by Selig about 1915. The reason that it has not been discussed in the American litera- 
ture is probably because the results are so uncertain. In many cases the results are satisfactory, but one can- 
not predict what will happen when an obturator neurectomy is done for the relief of pain. 

The operation is relatively simple, but the obturator muscles cannot be denervated without producing 
weakness of the adductor muscles. If both branches are cut, the patients are unable to cross their legs while 
sitting, they lack endurance in walking, and some of them lack stability. For that reason I have felt that I 
would return to the external route and cut only the deep or posterior branch. If there is a strong adductor 
contracture, I divide both branches. Dr. Reynolds and I have reported twenty cases done by the intrapelvic 
route; sixteen patients had what we thought were satisfactory results over a short period, but none of them 
have been operated upon for longer than two years. Many of those whom we regarded as satisfactory have a 
weak limb. 

For several years I have combined the obturator neurectomy with a Smith-Petersen acetabuloplasty 
and have obtained more satisfactory results than with either operation alone. The move I operate on these 
old painful hips in older people, the more I am inclined to consider that the best therapy is a cane or a crutch. 
That you can depend on, with rest. If the patient will not rest and demands an operation, obturator resection 
is a relatively simple procedure and it usually gives about 50 per cent. relief of symptoms. It does not give 
complete relief, and it may leave objectionable weakness of the extremity. 


DISCUSSION 
User or HomoGEenous BonE AND OF THE MERTHIOLATE BONE BANK 
(Continued from page 799) 


I should like to correct Dr. Wilson in that we claim no infection in a clean case, but have had persistent 
drainage in infected cases. Experimentally and clinically, there has been no evidence of tissue sensitivity or 
toxicity from aqueous merthiolate solution, used as a preserving agent for bone. 


Dr. James B. Weaver (closing): It is a privilege to have my paper discussed by such eminent authorities 
as Dr. Inclén and Dr. Wilson. I am in complete agreement with Dr. Inclén’s remarks. 

Dr. Wilson feels that I am somewhat discouraged. Let us say that I am not so enthusiastic as I was at 
one time, but this change is for the better. One of my first cases was the last one reported in my paper (Case 
6-S),—the repair of a large bone defect in the tibia, caused by osteomyelitis. The result was truly remarka- 
ble, and led us to use preserved homogenous grafts with the expectation that they would accomplish more 
than we had ever expected from autogenous grafts. This was based on the assumption that an ample supply 
of graft material might offer a greater chance of success. This assumption is in part true, but basic principles 
in bone-graft surgery must be observed. I am continuing the use of preserved homogenous grafts. 

This is a small series and the statistics are apt to be misleading. This is particularly true if one notes 
only the percentage, and does not take into consideration the large number of difficult cases. 
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OBTURATOR NEURECTOMY FOR COXALGIA 


AN ANATOMICAL STUDY OF THE OBTURATOR AND THE ACCESSORY OBTURATOR NERVES 
BY ROBERT A. KAISER, M.D., BUFFALO, NEW YORK 


From the Department of Orthopaedic Surgery, Edward J. Meyer Memorial Hospital, Buffalo, 
and the Department of Anatomy, University of Buffalo School of Medicine 


The anatomy of the hip joint in terms of its nerve supply has, in recent years, re- 
ceived much attention. This has been directly due to the reports of Tavernier and his 
associates, indicating that surgical attack on the sensory fibers to the hip joint from the 
obturator nerve and the nerve to the quadratus femoris could not only be accomplished, 
but was attended by good results in patients with painful hip disorders. In the elderly, 
frequently obese, patient with coxalgia, biologically unsuited for a major surgical proce- 
dure such as arthrodesis, these operations appeared to offer a simple solution for a difficult 
problem. 

Frequently, however, the operating surgeon does not seek out the capsular fibers, 
but contents himself with the less tedious task of sectioning either the obturator nerve or 
the nerve to the quadratus femoris, feeling secure that his level of section is above the 
point at which capsular fibers are given off. This approach makes the evaluation of these 
operations diffcult. Successful results could be attributed to factors other than depriving 
the capsule of part of its sensory innervation. Relief might be obtained, following surgery, 
from the accompanying denervation of deforming muscle masses (adductors and external 
rotators), thus relieving spasm or correcting muscle imbalance. 

Until a large series of cases have been reported in which surgical attention is directed 
exclusively to the sensory fibers to the capsule, and an equally large control series are 
studied in which the sensory fibers are avoided, but the muscular branches are severed, the 
results will be questionable. Before either of these studies can be accomplished, it becomes 
necessary to scrutinize certain aspects of the neural anatomy of the hip joint. 


Obturator Nerve 


In current, standard anatomy texts and recent publications, one finds not only a 
divergence of opinion regarding the capsular fibers, but a certain vagueness about their 
course and distribution. The anatomies of Gray, Grant, Morris, Cunningham, and Piersol 
cite the anterior branch of the obturator as the source of the sensory fibers. Piersol’s 
Anatomy mentions, in addition, a branch from the posterior. The fibers are described 
variously as going to the hip joint, the acetabular notch, or the anteromedial portion of 
the capsule. Tavernier and Godinot favor the posterior branch as the most frequent point 
of origin for these fibers which, they state, supply the anterior portion of the hip capsule, 
the head of the femur, and the acetabulum. Kaplan, on the basis of twenty-four dissec- 
tions, found that the capsular branches of the obturator nerve came, most frequently, from 
the common obturator trunk in the obturator canal. Gardner confirmed this observation 
after seven complete and four partial dissections of adult joints, in addition to the study 
of serial sections of four foetal joints. 

In an effort to obtain a more exact and detailed picture of the nerves to the hip joint 
from the obturator and accessory obturator nerves, dissections were undertaken. Four 
preliminary exercises were done to determine what method of attack might best lend itself 
to the demonstration of these branches. Finally the following procedure was adopted: 
Cadavera were transected through the lumbar and upper femoral areas and then split 
sagittally through the mid-line. The peritoneum and pelvic organs were stripped from 
these hemipelves, and the obturator nerve was traced from its emergence from behind 
the psoas muscle to the obturator canal. The iliopsoas was reflected laterally, and the 
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Three basic patterns of innervation of the pubocapsular ligament and the acetabular notch from 
the obturator nerve. 





region of the iliopectineal eminence was inspected for an accessory obturator nerve. The 
obturator internus and its fascia, in each instance, was carefully freed from the obturator 
membrane to facilitate the tracing of those branches which took origin in the pelvis. After 
all relationships had been observed, the horizontal ramus of the pubis was removed; the 
canal was cleared of fat; and the fibers picked up to this point were followed to their 
terminations. Twenty-four dissections were done in this standard fashion. Most of the 
specimens were photographed for future reference, and a few of the finest filaments traced 
to the capsule were subjected to histological study, to be sure that dissection continuity 
could be relied upon. No statistical values can be derived from such a small number of 
observations, but the findings seem to be of some clinical value. 

Two branches of the obturator nerve were frequently encountered, which demand 
description and re-emphasis. In reference to hip-joint innervation, these are much more 


important than either the anterior or the posterior branch. The first has been described | 
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II: Branch going through the acetabular notch. 
111: Branch supplying the obturator externus. 


by Kaplan and by Gardner; it takes its origin from the obturator nerve in the canal, from 
whence it passes, hugging the lateral bony aspect of the passage, to the pubocapsular 
ligament which is directly adjacent to the outlet of the obturator canal. 

From time to time this branch had a double destination, supplying the capsular 
area and then passing posteriorly over the transverse acetabular ligament and into the 
acetabular notch, presumably to supply the ligamentum teres. One should not get the 
impression that this branch is consistently given off near the outlet of the canal, for it may be 


found leaving the obturator nerve anywhere in the canal and, as a matter of fact, frequenily 


i* found at the inlet of the passage. Nor should one feel that the nerve becomes clearly visible 
simply by tracing the anterior or posterior branch back to the common trunk. 

The second branch of prime importance is large in size and quite constant; it was 
present in eighteen of the twenty-four specimens. It originates from the obturator nerve 
inside the pelvis. In one instance it was found leaving the main nerve as far as 3.5 centi- 
meters from the mouth of the obturator canal. The usual course of this branch is to the 
entrance of the canal, at which point it dips down between the obturator internus and the 
obturator membrane, piercing the latter to supply the obturator externus. Frequently 
a filament is given off before the obturator membrane is passed, which courses directly 
to the acetabular notch. In six instances this branch bifureated within the pelvis. One 
component accompanied the common trunk through the canal to supply the pubofemoral 
ligament. The other pursued the usual path to the obturator externus. In these instances 
the acetabular notch was supplied by either branch. 

Consideration of the variations (Fig. 2) will make clear that infrequently the anterior 
or the posterior branches do supply the capsule. This confirms the findings, but not the 
frequency, recorded in standard texts and by Tavernier and Godinot. 

The detailed findings of the dissections are presented in Figures 1, 2, and 3. For the 
sake of simplicity, the patterns of innervation have arbitrarily been broken down into 
three basic types, A, B, and C (Fig. 1). Type A was found six times. In two instances the 
general arrangement was the same, except that the single branch to the pubocapsular 
ligament came not from the common nerve, but from the posterior branch. Another vari- 
ation occurred three times,—the branch to the pubocapsular ligament supplied the 
acetabular notch as well. Type B was observed four times. One variation occurred in a 
specimen in which the posterior branch supplied the pubocapsular ligament and the 
acetabular notch. Type C was present four times. A variation was found in two hips in 
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Accessory obturator nerves. 
I: Branch to the pubocapsular ligament. 
II: Branch going through the acetabular notch. 
III: Branch supplying the obturator externus. 


which the acetabular notch was innervated by a filament from the nerve to the obturator 


externus. The pubocapsular ligament was supplied, not only by a branch derived endo- 
pelvically, but also by a filament from the anterior branch of the obturator nerve. 


Accessory Cbiurator Nerve 

The accessory obturator nerve is reported to occur in from 19 per cent.’ to 29 per 
cent. of cases ®. There is general agreement that this nerve, when present, supplies the 
sapsule of the hip joint. In only two specimens was this structure present (Fig. 3). In A 
the accessory obturator splits and gives a branch to the common obturator nerve, while 
the other branch lavishly supplies the pubocapsular ligament. The branch to the acetab- 
ular notch is derived from the nerve to the obturator externus, which took its origin 
within the pelvis. In the second specimen (B) one branch of the bifurcated accessory ob- 
turator fuses with the anterior branch of the obturator. The other courses not only to the 
pubocapsular ligament, but also to the acetabular notch. In this dissection, an additional 
branch to the pubocapsular ligament from the posterior branch of the obturator nerve 
was in evidence. 

In these two instances the capsular area supplied by the accessory obturator was 
about the same as that supplied by the obturator alone. This is at variance with the 
statement of Gardner: ‘‘When the accessory nerve is not present, this region of the cap- 
sule is reached by the femoral nerve e 


COMMENT 


It would seem from this study that the nerve supply to the hip from the obturator 
and accessory obturator nerves is a trifle more complicated and variable than has gen- 
erally been indicated. It would appear that the extrapelvic appreach to the capsular 
branches is inadequate. In those instances where the exit of the obturator canal is ade- 
quately explored and the capsular fibers are identified and sectioned, there is still a good 
possibility that the nerve to the acetabular notch is present. Also, the presence of an ac- 
cessory obturator nerve must be kept in mind. 

If the intrapelvic approach is utilized, one has an excellent chance of sectioning the 
obturator nerve above the point where the sensory fibers are given off. However, without 
exploration of the region of the iliopectineal eminence for an accessory obturator, as 
recommended by de Sousa, one cannot be sure that the sensory area of the capsule sup- 
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plied by the obturator and accessory obturator nerves is denervated. There is a remote 
possibility that, due to poor exposure or poor hemostasis, the obturator nerve could be 
sectioned near or at the mouth of the obturator canal, with the large branch to the ob- 
turator externus, originating endopelvically (which may supply the acetabular notch 
and the pubocapsular ligament), going free. 

Nore: The author wishes to thank Benjamin E. Obletz, M.D., for his encouragement of this project; 
and Oliver P. Jones, Ph.D., Professor and Head of the Department of Anatomy, University of Buffalo 


School of Medicine, for the materials used and advice given. Appreciation is also given to Mr. M. Diedrick for 
his careful attention to the illustrations. 
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DISCUSSION 
CaUsEs FOR AMPUTATION 
(Continued from page 804) 


rather than endure the psychological devastation and economic loss resulting from a long period of hospitali- 
zation and multiple surgical procedures, and then finally have an amputation. Particularly is this the case 
when only one extremity is involved. With this, I am in accord. However, immediate or even early decision 
to amputate an injured extremity is often wrong. Many times, such a decision cannot be made intelligently 
for many weeks or months after the injury, particularly in young individuals. Often the decision cannot 
fairly be made until a program of reconstruction has been tried and has failed during some phase of its 
development. 

I feel that the authors’ statement that the fibula is useless in reconstruction of the leg is not tenable. 
True, the fibula in an adult cannot be expected to take over the entire weight-bearing function of the tibia, 
as it will not become hypertrophied to that degree. In many instances, however, a synostosis of the tibia 
with the fibula will immensely simplify and reduce the extent of the necessary bone-grafting and make bone 
substitution a more probable success. The use of the fibula in a synostosing operation also may permit use 
of a leg with a brace, which is still far superior to an amputation for many people. 

While unilateral amputation may not be a contra-indication to the amputation of the second extremity, 
in my opinion it certainly makes the criteria for amputation of the second extremity much more stringent. 
A bilateral below-the-knee amputee may be very agile, but he is the exception rather than the rule. There 
are many bilateral above-the-knee amputees who left Service Hospitals on prostheses and canes, with their 
chins up, who are not using their prostheses at all today, and who are not ambulatory. I believe that a sec- 
ond extremity should not be amputated until the patient is thoroughly convinced that it is a determent 
to him. 

The authors are to be congratulated for pointing out the necessity for careful planning and foresight 
before starting an extensive program of reconstruction which may take years and accomplish nothing for 


the patient. 
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PROCAINE INJECTION FOR RELIEF OF PAIN IN THE HIP 
BY WILLARD V. ERGENBRIGHT, M.D., AND FREDERICK C. LOWRY, M.D., IOWA CITY, IOWA 


From the Department of Orthopaedic Surgery, State University of Iowa, Iowa City 


The control of pain in the arthritic hip has always been a difficult problem for the 
orthopaedic surgeon. The work of Tavernier and Godinot, Mallet-Guy and de Mourgues, 
and Ricard and Francillon has demonstrated that pain in the hip can be relieved by surgi- 
cal section of the obturator nerve and the nerve to the quadratus femoris. The possibility 
of procaine injection of these nerves was suggested to the authors by Steindler. Landmarks 
and the technique of injection were worked out on cadavera. 

TECHNIQUE 

The obturator nerve is injected with the patient in the supine position and the af- 
fected extremity in slight abduction, if possible. The pubic tubercle and the femoral artery 
are palpated; a mark is made at a point halfway between the two, and a thumb’s breadth 
beneath the inguinal ligament. Digital palpation at this point will determine the superior 
ramus of the pubis. The needle is inserted until it strikes the superior ramus. It is then 
withdrawn a short distance and tilted so that, as it is reinserted, it passes along the inferior 
surface of the superior ramus to the obturator foramen. In the majority of cases the patient 
will complain of pain, radiating along the anteromedial aspect of the thigh. At this point, 
10 cubic centimeters of 1 per cent. procaine is injected and the needle is withdrawn. 

For injection of the nerve to the quadratus femoris, the patient is placed in the prone 
position with the involved hip in as much external rotation as possible. The landmarks 
are indicated with a suitable dye, such as gentian violet. A straight line is drawn from the 
lower end of the sacrum to the posterior superior spine of the ilium. A point is marked at 
the junction of the lower and middle thirds of this line. Another point is marked on the 
lateral surface of the buttock, about one inch posterior to the greater trochanter and on a 
level with the lower end of the sacrum. A wheal is made at this site, and a long, dull needle 
is inserted. The needle is directed toward the point indicated on the line between the tip 
of the sacrum and the posterior superior spine and, as it is inserted, it is tilted to form an 
angle of approximately 45 degrees with the table (Fig. 1). The insertion is continued until 
the needle strikes bone. If it has been directed properly, the tip will be against the posterior 
surface of the body of the ischium, just lateral to the sciatic nerve. The dull point of the 
needle is then carefully ‘“ worked”’ medially along the bone for another 1 or 2 centimeters. 





Fie. 1 ; 
During injection of the posterior nerve supply to the hip, the needle is inserted at an angle of 
45 degrees with the table. 
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Frequently this will reproduce the hip pain. Fifteen cubic centimeters of 1 per cent. pro- 
caine is then injected slowly. The point of the needle, being against the body of the 
ischium, allows the procaine to be diffused along the broad, flat surface of this bone, upon 
which lie the nerve to the quadratus femoris and its articular branches. 

RESULTS 

Twenty-three patients have been treated by this method. The underlying cause of 
the hip pain in these patients included osteo-arthritis in eleven cases, congenital sub- 
luxation with hypertrophic arthritis in four cases, ununited fracture of the femoral neck 
in three cases, previous arthroplasty in two cases, congenital dislocation of the hip with 
an old shelf operation in one case, old Perthes’ disease with arthritis in one case, and old, 
quiescent atrophic arthritis in one case. 

Nineteen patients had immediate and complete relief from pain, both when at rest 
and during motion, after the first injection. Four patients had little or no relief. In two of 
these four, complete relief from pain followed a second irjection, the next day. The other 
two were discharged from the Hospital before reinjection was attempted. These failures 
are considered to be due to technical errors. 

In addition to loss of pain, eighteen of the patients showed an increase in motion in 
the involved hip. In several cases there was an immediate decrease in the degree of flexion 
and of adduction contracture. The improvement in mobility of the hip frequently was 
associated with disappearance of pain in the lower portion of the back. The five patients 
who did not gain in motion included the two who failed to obtain relief from pain and 
three whose lack of increased mobility could be explained on the basis of a mechanical block. 

Four patients complained of pain in the knee on the affected side; examination of the 
knee revealed no local cause for pain. One of these patients had an ununited fracture of the 
femoral neck; the others had osteo-arthritis of the hip. The pain in the knee was considered 
to be referred in nature, originating in the hip. Each of these patients experienced relief 
of pain in the knee as well as in the hip following procaine injection. 

The duration of relief from pain following a single procaine injection varied from 
thirty-six hours to three months; the period of relief apparently had no relationship to 
the severity of the symptoms. 

DISCUSSION 

It is the authors’ impression that the increased motion of the hip and the diminution 
of the flexion-adduction contracture following procaine injection are due to relief from 
pain and to release of reflex spasm of the involved muscles. No explanation is offered for 
the prolonged absence of pain following a simple procaine injection. However, such an 
experience is not foreign to those who have used procaine injection of the sympathetic 
ganglia for such painful syndromes as Sudeck’s atrophy or causalgia. 

Selective nerve injection is a definite and useful addition to the methods now available 
for the treatment of pain in the hip. It is not claimed that relief from pain is permanent. 
However, the result is immediate and the pain may be absent for an indefinite period of 
time. The procedure is simple and harmless, and may be repeated. It is useful in the 
patient who is a poor operative risk, and in those for whom arthroplasty or arthrodesis is 
undesirable. It may also be used as a therapeutic test before surgical denervation of the hip. 
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ELECTROMYOGRAPHY IN ORTHOPAEDICS *+ 


BY ARTHUR L. WATKINS, M.D., BOSTON, MASSACHUSETTS 


From the Department of Medicine, Harvard Medical School, and the 
Department of Physical Medicine, Massachusetts General Hospital, Boston 


The orthopaedic surgeon is regularly confronted with the problem of evaluating 
disorders of neuromuscular function. Although locomotion, strength, and skill can be 
tested fairly adequately for clinical purposes without elaborate apparatus, there are many 
cases in which diagnosis. and prognosis can be ascertained with greater accuracy if muscular 
activity is analyzed in a more detailed manner. Electromyography has now been devel- 
oped to a point where conclusions can be drawn as to its usefulness to the orthopaedic 
surgeon in the better understanding of some of the complexities of neuromuscular disease. 


CONDITIONS IN WHICH ELECTROMYOGRAPHY IS OF VALUE 
Poliomyelitis 


Considerable interest exists as to the nature of muscle hyperirritability or ‘‘spasm” 
in acute and convalescent poliomyelitis. The clinical features are well known, but for 
their explanation investigators have turned to the electromyographic laboratory. Nu- 
merous reports from widely separated clinics have indicated the presence, in patients 
with acute poliomyelitis, of abnormal electrical activity in muscles at rest (Fig. 1), whether 
they have normal strength or are weakened *:*!:*4.41, The completely paralyzed muscles, 
on the other hand, are electrically silent, with exceptions to be noted later. Change in 
position or passive stretching has been found to produce strong discharges from the 
muscles in spasm, corresponding to the clinical findings of pain and tenderness. This 
type of electromyographic tracing resembles that recorded from muscles splinting a 
painful joint, secondary to fracture. We cannot say, however, whether or not the mech- 
anism is the same or even similar, as the electromyogram gives information only as to the 
amount and character of peripheral activity. What is occurring in the central nervous 
system must as yet be left to conjecture. 

Some of the hypotheses which have been suggested are: 

1. The disease, which frequently involves the dorsal root ganglion, may incite sen- 
sory discharges which, in turn, cause reflex muscle spasm in the corresponding segment. 

2. Irritation of the anterior horn cells themselves may produce hyperactivity of the 
corresponding motor units. 

3. Disease of the internuncial neurons may decrease normal inhibitory spinal-cord 
activity, thus allowing hyperactivity of the lower motor neurons !’. It has been impossible 
so far to perform the crucial experiments clinically, to differentiate these possible mech- 
anisms or others which may be acting. 

After the acute stage of the disease, when the signs of meningeal irritation have dis- 
appeared, much of this electrical hyperirritability also becomes diminished or is absent. 
Even muscles that are tender to pressure show little abnormality electrically, except for 
those which are only partially paralyzed. In this case a different type of electromyogram 
is usually observed. A resting muscle in the position of maximum relaxation shows spon- 
taneous high-voltage, low-frequency discharges which are only slightly increased by 
stretching (Fig. 2). The same muscles, on attempts at voluntary motion, discharge action 
potentials of relatively low frequency and irregular low voltage. Their appearance is sim- 
ilar to the discharges recorded from muscles partially innervated from peripheral-nerve 
injuries, particularly during the stage of regeneration of nerves (Fig. 4). This type of 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1949. 
+ Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
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Passive plantar flexion in acute poliomyelitis. Showing hyperirritability after passive stretching. 
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Fia. 2 


Partially weakened muscle with impaired innervation. Spontaneous electrical discharges in resting 
muscles are an indication of the survival of partially functioning nerve fibers in acute poliomyelitis. 











GASTROCNE MIUS. 


Fie. 3 


Spontaneous discharges from resting paretic muscles during stage of increasing strength. 


discharge has been recorded months or years after the onset of the disease, and is gen- 


| erally correlated clinically with a state of improving muscle strength (Fig. 3). 


A further type of spontaneous discharge from resting muscles is quite different. 
These potentials are of extremely low voltage and short duration, with irregular and in- 
constant frequency. Their appearance is that of fibrillation, recorded from denervated 
muscles in the case of a severed peripheral nerve “. This type of fibrillation cannot be 
recorded satisfactorily with ink-writing electromyographs, the cathode-ray oscilloscope 
and photographic film being more suited for this purpose (Fig. 5). 

Electromyography has demonstrated a further type of neuromuscular disorder in 
patients with poliomyelitis. This is the co-contraction of muscles of antagonistic function 
during attempts at voluntary motion ** (Fig. 6). This is a type of incoordination or sub- 
stitution which may disappear with training in muscle re-education. It may represent 
some synaptic dysfunction in the spinal cord, or simply be a poorly organized attempt to 
produce motion from many muscle groups when there is a considerable degree of weakness. 

Electromyograms may also be used as a rough quantitative measurement of volun- 
tary power during active contraction of muscle *. There is a correlation between muscle 
strength and the voltage of action potentials, altheushs it probably is not so trustworthy 
a quantitative measurement as an ergogram. Because of this approximate quantitative 
measurement which is possible, electromyography has been used to evaluate the effective- 
ness of various physical agents on the degree of muscle spasm in poliomyelitis. Results 
to date, however, have been negative, there being no strong preference for any of the 
physical agents commonly used, including intramuscular prostigmine *°. 


VOL. 31-A, NO. 4, OCTOBER 1949 








824 A. L. WATKINS 


RESTING MUSCLE 


pd auntie ina a el 


BICEPS 
—/ Ne — el 
Fia. 4 


Fig. 4: Discharges from resting muscles during early 
reinnervation after injury to brachial plexus. 








Fig. 5: Fibrillation of denervation in relaxed paralyzed 
muscle. Total length of record is 149 second; he ight of 
potential is 50 microvolts. 
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Co-contraction of paretic muscles with antagonistic action during voluntary flexion of elbow. Upper 
record is of biceps, lower record of triceps. Calibration: horizontal arrow, 1 second; vertical arrow, 50 
microvolts. 


It is concluded that in poliomyelitis: (1) electromyography gives a rough quantita- 
tive measurement of muscle spasm and strength; (2) disorders of normal reciprocal in- 
nervation can be detected; (3) high-voltage, spontaneous discharges at rest are consistent 
with a favorable prognosis for improvement “8; and (4) fibrillation denervation potentials 
are a poor prognostic sign "°, 


Peripheral-Nerve Injuries 


Electromyography has been used extensively in the study of peripheral-nerve in- 
juries during the past ten years. It has been found possible by this method to detect early 
signs of reinnervation before there is clinical evidence of regeneration; and to determine 
the extent of nerve damage, particularly in cases of compression or stretch injuries, where 
the presence of action potential indicates that the lesion is not complete * 2°27, It is also 
useful where there is suspected hysteria or malingering, as normal potentials may be 
discharged from a muscle which is apparently paralyzed. The greatest value of electro- 
myography is probably in following the course of regeneration of peripheral nerves to 
determine the extent of reinnervation of muscles. 


Ruptured Intervertebral Discs 


In patients with pain in the upper extremity and suspected protrusion or rupture of 
a cervical intervertebral disc, electromyograms have shown the presence of discharges 
from resting muscles, presumably from irritation of cervical roots*. In the case of disc 
lesions, these discharges are often increased with movements of the neck. By reference to 
the common root supplying the muscles from which this abnormal activity is recorded, 
the electromyogram has been found an aid in localization of the lesion (Fig. 7). Similar 
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ELECTROMYOGRAMS: CERVICAL DISC 
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Spontaneous discharges from resting muscles of patient with proved protrusion of intervertebral disc. 


electromyographic tracings can be obtained from patients with lumbar intervertebral-disc 
| lesions. The tracing, of course, does not give a specific diagnosis of disc lesion, but simply 

suggests irritation of one of the lumbosacral roots. Because of the overlap of segmental 
innervation of the muscles of the leg, the electromyogram is of less value in localizing the 
0 level of the lesion. 








Progressive Muscle Atrophy and Amyotrophic Lateral Sclerosis 
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: In these progressive degenerative diseases of anterior horn cells, the electromyogram 
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; shows a very characteristic abnormality (Fig. 8). Spontaneous discharges in these condi- 
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picked up from muscles free of visible fasciculations, so that a general diffuse degenerative 
disease may be detected at an early stage, when clinical signs reveal only localized muscle 
atrophy. The amount of electrical activity is also correlated to some extent with the 
rapidity of progress of the disease process. 


Parkinson’s Disease (Paralysis Agitans) 


Electrical recording of the tremor characteristic of Parkinson’s disease is so constant 
thatthe electromyogram is of diagnostic importance™. There are found to be alternate 
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Parkinson’s disease. Showing rhythmically alternating bursts of action potentials. 














discharges from antagonistic muscle groups with a regular frequency of about six per 
second, the bursts of electrical activity having a fairly normal appearance as to frequency 
and voltage (Fig. 9). As this type of tremor can rarely be reproduced voluntarily, it is 
possible to differentiate such tremor from that of hysterical origin. 


Spasmodic Torticollis 


Patients with spasmodic torticollis show diffuse high-voltage discharges from the 
muscles involved, as would be suspected from clinical examination. The amount of elec- 
trical activity may be used to evaluate the effectiveness of various therapeutic agents, 
such as drugs or locally injected chemicals. 


CONDITIONS IN WHICH ELECTROMYOGRAPHY IS OF LITTLE OR NO VALUE 
Muscle Dystrophy 

There is no characteristic abnormality of the electromyogram in muscle dystrophy. 
No fibrillation potentials are recorded, there simply being a gradual decrease in the amount 
of voltage discharged during voluntary action. The completely paralyzed muscles are 
electrically silent. 


Myasthenia Gravis 
Although the fatigue characteristic of myasthenia gravis can be demonstrated by 


means of electromyography, the records do not have an appearance which is specific for 
this disease, so that it is not an important diagnostic tool. 
Spasticity 

The hyperactivity of the stretch reflex in patients with cerebral palsy, hemiplegia, 
and spinal-cord disease can be demonstrated electromyographically by passive stretching. 
Such electromyograms, however, simply confirm a condition which is obvious upon clini- 
cal examination. The degree of spasticity present can be roughly determined quantitatively 
for purposes of evaluation of therapeutic agents; but this is not exact quantitation, as the 
electromyogram simply records a small sample of muscle activity,—namely, the muscle 
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fibers in the proximity of the recording electrodes '*. It is also impossible to get a quantita- 
tive picture of the spasm present in the muscles supporting the hip joint, because of their 
distance from the skin. Although needles may be inserted into some of these muscles, the 
sample obtained is a very small portion of the large muscle mass present. 


RESEARCH 


As electromyographic equipment is expensive and, until recently, was not available 
on a commercial basis, it has been used largely in research laboratories. Abundant litera- 
ture on the subject, however, has accumulated, and a few examples related to orthopaedic 
conditions will be cited. Seyffarth, Lundervold, and Jasper have studied the behavior of 
motor units in healthy and paretic muscles, particularly in peliomyelitis. Recordings made 
during well-coordinated movements in normal individuals are also of interest, particu- 
larly analyses of the action of individual muscles during voluntary movement of the 
shoulder and hip * ™* ™ °6 8. 34, Muscle activity after transposition of the tendon in cases 
of poliomyelitis has also been the subject of investigation by Weiss and Brown. Spasticity, 
rigidity, and involuntary movements have been examined extensively, and electromyog- 
raphy has been used to determine the effect of various new drugs for control of this ab- 
normal motor activity | 5 *-". One of the most recent techniques devised for clinical use 
is that related to transmission of the nerve impulse to muscle, by Harvey and Masland, 
and Hodes and his associates. This opens up a large avenue for further research, which 
should help elucidate still unsolved problems of neuromuscular dysfunction. 


SUMMARY 


1. Electromyography has been found useful in studying the pattern of motor ac- 
tivity in normal and paretic muscles, particularly in poliomyelitis and peripheral-nerve 
injuries. 

2. Degrees of spasticity, rigidity, and tremor may be measured semi-quantitatively 
by this method. 

3. Information of diagnostic importance is obtained from patients with progressive 
muscle atrophy, Parkinson’s disease, peripheral-nerve injuries, and hysteria. 
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DISCUSSION 

Dr. J. E. Marker, Durnam, Norra Carona: It is a privilege and pleasure to comment on this fine 
paper. Discussors with clinical experience should elaborate on the usefulness of electromyography as a means 
of determining whether certain muscles or portions of muscles are contracting or in spasm. Dr. Watkins and 
other students of electromyography should be encouraged to extend the scope of the study of muscle po- 
tentials as a technique of delineating an area that is contracting. Our experimental studies are of interest in 
this connection only because they indicate that the area from which a muscle potential arises coincides with 
the area of actual shortening. 

Certain theoretical considerations which have arisen in our work with muscle potentials in exposed 
muscles of the dog may be of interest in a discussion of investigations of this type. Our evidence indicates that 
the strength of summated muscle potentials is proportional to the number of neuromuscular units which are 
contracting. The strength of the muscle potential is also proportional to the nerve potential, at least in the 
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experiments involving isolated muscle twitches in a restricted number of exposed muscle fibers. On the other 
hand, the muscle potential is not proportional to either the work accomplished, or the tension that is devel- 
oped, except in so far as the number of units is involved. 

By measurement, the muscle potential from a given number of contracting units was not increased, even 
though the amount of work accomplished was experimentally increased tenfold. Likewise, as long as the 
number of contracting units was unchanged, there was no appreciable change in the muscle potential, even 
though the amount of tension developed by these contracting fibers was changed tenfold or even twentyfold. 
That is, in our experiments, a given number of fibers had about the same potential, first, when they were 
already short and could produce little tension and, second, when they were partially stretched and capable 
of producing much greater active tension. Our evidence indicates that the summated muscle potential is a 
measure of the number of units contracting. 

If our experiments can be extended and confirmed, it may be necessary to conclude that the strength of 
the muscle potential is only a measure of the number of units contracting. On the other hand, manual or 
ergographic testing supplies information about the efficiency of the contraction, and is not necessarily a 
measure of the number of units contracting. 

If these theoretical considerations can be proved and extended to the human, it should be possible to 
acquire more useful information about some patients and to improve the care of patients with certain muscle 
ailments. For example, it might be possible to apply this information to the understanding and care of pa- 
tients with poliomyelitis. If the muscle potential is purely a measure of the number of units contracting, it 
should follow that a measurable summated potential from a given muscle would increase throughout con- 
valescence only as long as additional neuromuscular units are recovering. Thereafter, there should be no in- 
crease in the intensity of the summated muscle potential, even though the strength of the muscle is increasing 
as measured by muscle strength, manual testing, or ergographic testing. 

If these assumptions are true, the summated potential from a muscle should also give a measure of the 
number of contracting units in Parkinson’s disease and in a number of the other pathological states men- 
tioned by Dr. Watkins. Obviously, adequate apparatus is wanting for most studies of this type. 

Much additional information can be made available in the preoperative and postoperative study of 
muscles, if further studies confirm our evidence that the strength of the potential arising from a muscle is 
purely a measure of the number of units that are acting. Time limits even the listing of the possible applica- 
tions to patient care. These possibilities can be explored only through cooperative investigations in the 
clinics and experimental laboratories. 


Dr. R. PLatro Scuwartz, Rocuester, NEw York: In this as in many other subjects, one’s interest can 
exceed understanding. However, because of personal interest in the application of electromyography to the 
behavior of the neuromuscular mechanism, I am grateful for the privilege of discussing Dr. Watkins’ paper. 
He has provided evidence which reaffirms previous observations. This is an important contribution, because 
the relationship between electromyography and orthopaedic surgery is still young. Many more such observa- 
tions will be needed before the resulting values become generally accepted. 

Dr. Watkins has made new and interesting observations. It is hoped that these will be confirmed by 
others who are equally capable in this field of investigation. Some comments on the illustrations which he 
presented are as follows*: 

Figure 2, showing a record of spontaneous motor activity in poliomyelitis, confirms previous observa- 
tions. A higher degree of irregularity in timing and in excursion is commonly observed in such records. Also, 
the output of 50 microvolts is noted as low in the wide range of 0 to 5,000. 

Figure 1, a passive stretch record, is typical of previous observations. The record appears to have been 
made with a pen motor. There is good separation between the high and low peaks, but the magnitude of 
I = 50 microvolts strongly suggests that the recording system may have been overloaded. We also noted a 
series of equally spaced deflections, which we have observed when the pen motor was not following the im- 
pulses from the muscle, but was following those frequency components close to its resonance frequency. 
Therefore, the record revealed the resonance frequency of the pen motor rather than the variable frequency of 
the muscle impulses. 

Essentially the same interpretation can be made of Figure 3. The calibration of I = 100 microvolts 
should not have a significant influence. In our experience, both 100 microvolts and 50 microvolts are rather 
low calibrations for the recording of a strong stretch reflex. 

Figure 4 is the spontaneous discharge in a resting muscle in association with a fractured elbow. This 
record shows successive groups of deflections of essentially equal variation in amplitude and uniformity of 
spacing. Here we may again be observing the characteristics of a record produced by a pen motor, when the 
pen responds to frequencies anproaching its own resonance frequency. Since time and calibration data were 
not included in the illustration, however, it is not possible to evaluate this record on that basis. 


* The illustrations as published are not in all cases those discussed by Dr. Schwartz; although similar, 
the calibrations differ. Figure 4, mentioned by Dr. Schwartz, has been omitted; Figure 5‘corresponds to 
igure 4 in the published article. 
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Figure 5 shows the spontaneous activity of resting muscle in association with a brachial-plexus injury. 
This record seems to be exactly as described in Dr. Watkins’ paper,—that is, similar to records frequently 
obtained from resting muscles in the acute stage of infantile paralysis. 

Figure 6, of poliomyelitis, is typical of the type of response which we have frequently observed in records 
made on patients in the acute stage of infantile paralysis. However, the record presented is slightly confusing 
for the want of data. The relationship of voluntary flexion and extension to the tibialis anterior and gastroc- 
nemius was not indicated. How<ver, the principle is clear: The voluntary contraction of the agonist sets up 
a simultaneous counter contraction in the antagonist. 

Figures 7 and 8 are electomyograms of the cervical dise and of amyotrophic lateral sclerosis. We have 
not made electromyograms of patients with either of these diagnoses; for this reason we have no specific 
comments regarding these records. 

Figure 9. The characteristics of this record of Parkinson’s disease reveal a classical pattern which can 
be duplicated by records taken from our own files. In many instaaces we have noted that our step-down 
pattern and the flat baseline are both distorted by other impulses from the muscle, superimposed on those 
which provoke the tremor. These superimposed impulses have been associated with clinical evidence of 
rigidity, which is frequently noted in this disease. It is, therefore, important to differentiate between the 
simple Parkinsonian tremor and the recorded characteristic of this tremor plus rigidity. This is not too dif- 
ficult, because in either case the timing of the bursts associated with the tremor remains essentially constant. 

This lack of information can be summed up in the statement that there are insufficient data to permit 
other laboratories to attempt to duplicate these results. 

Statements are made by Dr. Watkins regarding the possibility of roughly quantitating muscle strength 
through the measurement of electromyograms. While this statement is categorically true, it must be recog- 
nized that several factors can create a degree of “roughness” so large as to make any quantitative expression 
useless. In Figure 1, which has previously been mentioned, the high spikes and general pattern of the de- 
flections suggest the same type of difficulty we have experienced when calibrating at 300 microvolts per 
centimeter. The high spikes shown in this record are almost certainly records of pen-motor overswing and 
would, therefore, bear no relationship to the magnitude of the associated muscle impulses. There is also 
evidence of pen-motor resonance. 

On the positive side, three statements can be made regarding the illustrations presented in this paper. 
These are common to similar papers from other sources, and are as follows: 

1. Electromyograms are capable of revealing the presence or absence of muscle activity in normal and 
pathological conditions. 

2. Discrimination can be made between continuous muscle activity, voluntary or involuntary, as shown 
in Figures 3 and 9, respectively. In general, it is not possible to distinguish between voluntary and involuntary 
impulses when they form a continuous pattern, such as that shown in Figure 6. Voluntary and involuntary 
records are shown on the same chart, and there is nothing to distinguish them. In the case of tremors, how- 
ever, such as that shown in Figure 9, it is generally accepted that involuntary impulses produce a uniform 
sequence that is impossible to duplicate intentionally. 

3. Under carefully controlled conditions, with known interelectrode distances, constant electrode size, 
and a calibration level sufficiently high to preclude the possibility of overloading the amplifiers, and at fre- 
quencies which do not provoke resonance in the pen, correlation is possible between the amplitude of the 
electromyogram and the strength of the muscle producing the impulse. This has been found, however, to be 
more reliable at the lower levels of activity. It is, of course, necessary to change the calibration value in pro- 
portion to the amount of effort exerted. 

These statements are based upon similar limitations which we have noted in the course of our own 
efforts to correlate the characteristics of electromyograms with the clinical evidence of abnormal muscle 
function. Such efforts will probably be continued by us and by others. From these combined experiences will 
come a definition of principles as related to instrumentation, technique, and interpretation of electromyo- 
grams in orthopaedic surgery. For these reasons we should be grateful to Dr. Watkins and should encourage 
continuation of his work. 


Dr. ArtHuR L. Watkins (closing): I should like to thank the discussors for their enlightening remarks 
concerning the work done on electromyography in their laboratories. Dr. Schwartz has raised the question 
of overloading of the recording pen. We have not been using, I believe, a pen motor of the type Dr. Schwartz 
has tested. In any case, our recording system has been tested specifically for overloading. Using monophasic 
2-millisecond impulses, no overswing occurred with an input overload of ten times; this also held true with 
diphasic impulses. Tests were performed with increasing power and frequency. Again no overshooting was 
observed with frequencies from 50 to 150 cycles per second. No problem of pen resonance was encountered in 
this frequency range. 
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HEMANGIOMA OF THE KNEE JOINT 


BY JULIAN E. JACOBS, M.D., AND F. WAYNE LEE, M.D.*, CHARLOTTE, NORTH CAROLINA 
From the Department of Orthopaedic Surgery, Charlotte Memorial Hospital 


Although hemangioma of the knee is rare, it is deserving of attention by the ortho- 
paedic surgeon, because of the challenge which it presents in differential diagnosis. 
Approximately thirty authentic cases of this entity have been reported in the literature; 
of this number, less than five were diagnosed correctly prior to arthrotomy. With a better 
understanding of the clinical picture as related to the underlying pathological condition, 
the percentage of correct diagnosis before surgery can probably be increased greatly. 

This paper presents two cases of cavernous hemangioma of the knee joint. 


Case 1. P. H., a white male, aged seventeen, was first admitted to the Hospital on January 22, 1944. 
An initial attack of pain and swelling had followed immediately after injury to the right knee, eight years 
previously; but the symptoms had si:;sided spontaneously in a few days and joint function was completely 
restored. During the intervening years, similar episodes had occurred, with or without minor injury; there 
had never been evidence of inflammatory involvement. The knee had been treated by his local dectors and 
by specialists in a large eastern city. Because of the recurrent nature of the disease and the increasing severity 
of the attacks, hospitalization had been advised. 

At the time of examination, the right knee joint was distended by a moderate amount of fluid. The 
muscle atrophy at the thigh was minimal, and the joint could be carried through a normal range of motion 
except that the extremes of flexion and extension caused some discomfort. The skin overlying the joint was 
entirely normal, and the inguinal glands were free of involvement. 

Roentgenograms revealed a small, ill-defined area of increased density within the anterior compartment 
of the joint. This was seen best in the lateral view, with the knee flexed about 10 degrees beyond a right angle. 

Because of the involvement of a single joint, the chronicity of the process, and the progressive nature 
of the disease, an arthrotomy was performed. After the capsule had been entered through a medial para- 
patellar incision, it was noted that the synovial membrane had been invaded and distended by a bluish 
lobulated mass, which was attached to the membrane at the postero-inferior margin of the patella. This tissue 
was extirpated with little difficulty, hemorrhage not presenting a problem to the operator. The pathologist 
reported a cavernous hemangioma of the knee joint. 

The patient’s extremity was immobilized in plaster for two wecks after operation and, aside from a 
slight amount of effusion, the knee recovered without incident. After a period of active physical therapy, 
joint function was completely restored. 

Six weeks following discharge: from the Hospital, the patient returned for a series of deep roentgen 
treatments; he received a total of 1,200 r through two portals. More than four years have elapsed since the 
operation, and this patient is entirely free of symptoms. He is very active in athletics and describes the knee 
as normal. 


Case 2. M. P., a white woman, aged thirty-five, was admitted to Charlotte Memorial Hospital on 
December 31, 1945. She had injured her left knee twenty years previously, while skating. Attacks of pain 
and swelling had recurred intermittently since the injury, and had been most frequent during the six to 
cight months preceding admission. 

Examination showed that the swelling was more prominent in the medial compartment of the knee; 
a small granular mass could be palpated in this area, overlying the medial femoral condyle. Slight tenderness 
was present; the inguinal glands were not affected. Measurement of the thigh failed to reveal atrophy, and 
the overlying skin was normal. Roentgenograms of the knee were essentially normal. 

After three months of conservative therapy, an arthrotomy was performed through a lateral para- 
patellar incision. A blue cystlike mass was encountered in the capsule; this was dissected free and excised 
in toto. The pathologist’s report was: “Benign hemangioma of knee joint, partially telangiectatic and par- 
tially cavernous in type.’”’ The articular structures were not disturbed by the process. The patient had a 
smooth postoperative course and was discharged from the Hospital one week after the arthrotomy. She 
received intensive physical therapy for approximately two weeks, and was discharged with almost complete 
restoration of knee motion. Two and one-half years after operation the patient reported normal function 
of the knee. 


* Fellow of the National Foundation for Infantile Paralysis, Duke Hospital, Durham, North Carolina. 
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DISCUSSION 

Articular hemangiomata may be either juxta-articular or intra-articular. An inter- 
mediary type, which involves both the interarticular and periarticular structures, may be 
added to the classification. In the juxta-articular type the process involves the periarticular 
structures, particularly the quadriceps muscle, and the tumor is always palpable. This 
type is characterized by the absence of involvement of the capsule and synovial membrane 
and, therefore, presents a clinical picture quite different from the intra-articular variety. 

The intra-articular type is demonstrated by the two cases presented. The process 
may occupy any part of the synovial cavity, and the anterior fat pad may be completely 
replaced. The tumor is capable of causing destruction by pressure atrophy, and one case 
has been reported in which deep erosions in the cartilage and underlying bone were en- 
countered. This presents a difficult problem in treatment. 

Histologically, the articular hemangiomata have been classified as cavernous, capil- 
lary, and telangiectatic. Excessive fat tissue or small zones of chronic inflammatory 
reaction may be seen. These lesions are probably not true tumors, but rather hemartomata. 
They are congenital malformations of circumscribed vascular tissue, and, as such, show 
no capillary budding (Figs. 1-A and 1-B). The sections show a system of sinusoids in 
which the spaces are lined by endothelial cells. The remaining wall is made up of col- 
laginous connective tissue. There is no evidence of thrombosis; this feature is of importance 
in considering diagnostic characteristics. 

As mentioned previously, articular hemangiomata are usually not suspected before 
operation. The impressions most commonly mentioned are lesions of the menisci, loose 
bodies, or articular tumors, without specification of the type. In the first case presented, 
the initial impression was that of internal derangement, a second impression of synovitis 
being mentioned. In the second case the diagnosis was tumor, type undetermined. 

















Fia. 1-A 


_ (8-40-46). Low-power magnification showing telangiectatic portion of hemangioma. The lumen 
is filled with blood; the walls, extreme?y thin, are composed of a single lining of endothelial cells 
and a very delicate, thin layer of connective tissue. 
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Clinically, the first symptom in these cases is pain, often appearing after trauma. 
The trauma apparently causes hemorrhage from the hemangioma, either by direct con- 
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Fic. 1-B 
Cavernous portion of hemangioma with thick-walled sinusoids, most of them filled with blood. 


Fia. 1-C 


Shows portions of both cavernous and telangiectatic capillary hemangioma. 
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Fic. 2-A 

















Fic. 2-B 


Capillary hemangioma, under high-power magnification, showing the distended capillaries and 
thin-walled sinusoids filled with blood, 
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tusion or by pinching between the articular surfaces. Serous or serosanguineous effusions 
are frequently encountered in the course of these lesions, such a phenomenon being readily 
explained by the fragility of the vascular walls which make up the structure. Both pain 
and swelling may appear at long intervals, accompanied by partial loss of joint motion. 
Blocking and buckling, either alone or in combination, have not been observed. Atrophy 
or hypotonia of the muscles of the thigh may be seen. From these signs and symptoms it 
would obviously be difficult to arrive at a diagnosis of hemangioma. If hemarthrosis 
develops, two more possibilities are immediately suggested,—namely, hemophilia and 
hemorrhagic arthritis. 

When cutaneous angioma coexists, articular involvement is strongly suggested. 
These masses of tisstie do not show pulsation or rhythmic expansion; if this is observed, 
a diagnosis of cirsoid aneurysm should be made. These areas of tissue are very sensitive to 
pressure and even to mild palpation, thus accounting for the diagnosis of an inflammatory 
lesion in many cases. 

The obvious deformity which accompanies most of the extra-articular hemangiomata 
is easily recognized. However, the intra-articular variety may develop within the joint 
cavity, have sufficient space in which to expand, and thus be overlooked on mere inspec- 
tion. The volume changes which accompany changes in posture are of the utmost impor- 
tance and, as one can appreciate from the histological picture, there is ample space for 
distention and collapse of these multiple sinusoids. 

The differential diagnosis from hemarthrosis of hemophilia is established by the sex 
of the patient, the presence of increased coagulation time, and the clinical characteristics 
of hemophilic arthropathy, which leads to chronic arthritis with restriction of function 
and finally to ankylosis in flexion. The one condition in which a differential diagnosis 
may be virtually impossible is hemorrhagic arthritis. The histological appearance of 
diffuse hemorrhagic synovitis will serve to differentiate these two, yet the clinical appear- 
ance may be indistinguishable. 

Loose bodies within the joint may also present a problem in differential diagnosis, 
for in either case the signs and symptoms are compatible with articular derangement. 

The roentgenographic examination is rarely helpful in diagnosis, but, as the first case 
demonstrates, it may be of slight benefit. It is possible to visualize articular angiomata 
by the use of an opaque material, injected intravenously. It is relatively easy to see the 
area infiltrated with such a contrast medium, but the shadow will often disappear in about 
fifteen minutes due to the rapid dilution of the substance in the blood current of the angioma. 

Hemangiomata may disappear spontaneously as a result of thrombosis and sub- 
sequent scarring, but this cannot be relied upon, particularly about the knee, where re- 
peated traumata are common. The only logical treatment of these lesions is that which is 
designed to eradicate the mass. Although there are many proponents of treatment with 
roentgen rays and radium, it seems more reasonable to assume that surgical extirpation is 
the treatment of choice. Surgery is often necessary to verify the diagnosis. 


SUMMARY 

Articular hemangiomata can be diagnosed prior to surgery in practically all cases, 
provided the correlation between the clinical picture and the pathological process is fully 
appreciated. These signs are significant: (1) the presence of a circumscribed mass, which 
is covered by normal skin and which increases in size when the extremity is in the de- 
pendent position; (2) the presence of blood after puncture of the mass; and (3) the dis- 
appearance of the contrast substance roentgenographically after injection into the 
vascular area. Surgical excision offers excellent end results. 
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OSTEOSYNTHESIS OF THE NECK OF THE FEMUR * 
BY JOHS. SPOTOFT, M.D., KALUNDBORG, DENMARK 


So far, no comprehensive report has been made of the final results of extra-articular 
osteosynthesis, which was introduced with the Smith-Petersen nail. We consider an 
observation period of three to four years as essential in order to get reliable impressions 
about the final results. 

The purpose of this work has been to elucidate the value of extra-articular osteo- 
synthesis, the judgment being based upon an analysis of the case histories of a considerable 
number of patients, and correlation of these findings with a late examination of the sur- 
vivors. The patients were operated upon in twelve great Danish surgical clinics, prior to 
1939. After an observation period of at least three and one-half years, all the survivors— 
a total of 183—have been re-examined clinically and, except in three cases, roentgenograms 
in two planes have been taken. 


CLASSIFICATION OF THE FRACTURE 
For several reasons it is difficult to compare the various statistics concerning fracture 
of the femoral neck, not least because of the confusion prevailing as to the classification 
of the fracture. As neither the anatomical classification, Béhler’s classification (as valgus 
fracture and varus fracture), or Pauwels’ classification (into three degrees, according to 
the angle between the fracture plane and the axis of the femur) gives a generally valid 
impression of a fracture of the neck, the author has found it practical to combine the three 
classifications. This affords at once an anatomical, pathological, therapeutic, and prog- 
nostic impression. 
This combined classification is exceedingly simple, namely: 
1. True fracture of the femoral neck. 
A. Valgus fracture. 
B. Varus fracture, with consideration of the angle between the fracture plane 
and the axis of the femur. 
2. Pertrochanteric fracture. 


* Abstract of monograph written by author in 1944 (see reference). Presented with permission of Ejnar 
Munksgaard, Copenhagen. 
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TABLE I 


DISTRIBUTION OF FRACTURES 








Fracture No. Per cent. 
True fracture of the femoral neck............... 329 64 
Valgus fracture............ ee eee ee 51 (15.5%) 
REE Ore eer red One 278 (84.5%) 
Pertrochanteric fracture....................06. 183 36 
2 TR cee eee ae en ee iar lapdvacteea te emer im asetore Sedved ccna 512 100 


In calculating Pauwels’ angle, it is practical to use roentgenograms taken during the 
operation, where the femur as a rule is in slight inward rotation, as the angle in question 
is real only in this position. It cannot be calculated, for instance, on roentgenograms of 
recent unreduced varus fractures. 

From 1934 until 1938, a total of 512 patients with fracture of the neck of the 
femur were admitted to four surgical departments in Copenhagen. An analysis of all 
the roentgenograms of these patients, according to the classification set forth, gave the 
distribution shown in Table I. Therefore, it is safe to say that, of all the fractures in this 
region, two-thirds are fractures of the neck itself (about one-sixth of these are valgus 
fractures, while about five-sixths are varus fractures) and one-third are pertrochanteric 
fractures. 

HEALING OF FRACTURE OF THE FEMORAL NECK 

Today it is the general view that every fracture of the femoral neck which is reduced 
ideally and retained in this position for a sufficient length of time will heal by osseous union. 
In explanation of the poor healing capacity of the neck of the femur, the following causes 
have been mentioned: 


Poor Nutrition of the Head and Neck 


The blood supply of the head and neck is subject to wide variation, and undoubtedly 
the apparently capricious appearance of capital necrosis and delayed healing is in part 
due to this. The synovial vessels are liable to damage because of the injury to the capsule, 
and of course this risk increases with the dislocation. Owing to the outward rotation, 
the vessels of the posterior aspect of the neck have a better chance of remaining unbroken. 
Even though the vessels are not ruptured by the dislocation, however, they may be 
stretched, twisted, or compressed so that the blood flow becomes compromised. 

It is reasonable to assume, then, that a preliminary reduction of the fracture, as 
soon after the accident as possible, is essential in order to protect these vessels from 
further injury. Consequently, the usual confinement of the patient to bed for several 
days before reduction is inexpedient. 


TABLE II 


RELATION BETWEEN DEGREE OF DisLocaTIoN, HEALING, AND NECROSIS OF THE HEAD 


No. of Healing Capital Necrosis 

Primary Dislocation Patients (No.) (Per cent.) (No.) (Per cent.) 
Marked 78 4 69.2 52 66.7 
Slight 100 86 86.0 33 33.3 
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TABLE III 


RELATION BETWEEN NECROSIS OF THE HEAD AND HEALING IN 180 PATIENTS 








| No. of | Healing | Pseudarthrosis 

Degree of Necrosis | Patients | (No.) (Per cent.) | (No.) (Per cent.) 
Total | 59 | 41 69.5 | 18 30.5 
Partial 26 23 88.5 3 11.5 
None 95 84 88.4 11 11.6 








TABLE IV 


RELATION BETWEEN AGE OF THE PATIENT AND HEALING OF THE FRACTURE 





No. of Healing 
Age of Patients Re-examined Patients (No.) (Per cent.) 
Under 60 years 77 61 79.2 
60 years and over 103 80 ce | 








That the dislocation and the resulting decrease in nutrition of the head play a con- 
siderable role in this respect is evident from the findings in Table II, in which the patients 
are classified according to the degree of primary dislocation. It will be noticed that the 
greater the primary dislocation, the greater is the probability of capital necrosis. 


Necrosis of the Head 


The relation of this phenomenon to the process of healing will be discussed later. 
Necrosis forms no absolute obstacle to healing, merely delay. Table III illustrates the 
relation between capital necrosis and healing in 180 patients who were re-examined. 


Age of the Patient 


Previously, clinicians believed that the age of the patient played an important role 
in healing. This is not indicated by the present study (Table IV). Age in itself should not 
be looked upon as a contra-indication for operative treatment. 

Of those factors under our control which promote healing of the fracture, only the following 
are important: quick and gentle reduction in order to avoid additional vascular injuries,— 
above all, an ideal reduction and a sufficiently long immobilization. 


Pauwels’ Theories 


Fuchsig analyzed forty-one fractures treated by the Whitman method, and his find- 
ings coincide with Pauwels’ theories. Thus he concluded that eleven of fifteen pseudar- 
throses belonged to fractures in Pauwels’ third-degree class. Opinions differ as to the 
patients submitted to osteosynthesis. Most investigators, however, find no concordance 
between the angle of the fracture and osseous healing. 


TABLE V 


He ALING OF THE FR RACTURE IN RELATION ' TO » Pav’ WELS’ CLASSIFICATION 





Pauwels’ Classification No. of Healing 
of Fractures Patients (No.) (Per cent.) 
First degree 22 18 81.8 
Second degree 110 85 77.3 
Third degree 46 37 80.4 











THE JOURNAL OF BONE AND JOINT SURGERY 





fre 


ev 
la 


de 
M 
n 
of 





n- 
ts 
1e 


1e 


le 
rt 





OSTEOSYNTHESIS OF THE NECK OF THE FEMUR 839 


The present material has been analyzed with a view to Pauwels’ theories. The rela- 
tion between Pauwels’ three groups and the osseous healing in 178 patients is presented 
in Table V. The healing percentage is about the same for all three groups. 

With a special apparatus belonging to the Danish State Testing Laboratory, the author 
has tried to see whether Pauwels’ theories might be confirmed experimentally. In speci- 
mens obtained from postmortem material, fractures of the first and third degree were 
produced, respectively, on the right and left sides of the neck of the femur, after which 
the fracture fragments were nailed. In the apparatus a weight of 250 kilograms was put 
on the head, alternating with complete “unloading” (thirty times per minute), cor- 
responding to a slow gait in vivo. In all cases the results were consistent, showing that in 
both forms the fracture site was able to withstand a 40,000-repetition periodic tolerance 
test with a load of 250 kilograms. With an additional load, the third-degree fractures broke 
down earlier than the first-degree fractures,—at 330 and 490 kilograms, respectively. 

This illustrates the enormous fixation power of the nail, even under mechanically 
poor conditions. The outcome of the experiments lends support to Pauwels’ theories. 


Duration of the Healing Process 

The period required for healing has been estimated differently by various authors— 
from two or three months to two or three years—and there can hardly be any doubt that 
it is subject to wide variation. Furthermore, the estimate is based upon roentgenographic 
evidence, which is very difficult to judge in this fracture because the periosteal callus is 
lacking. 

A critical review of the roentgenograms presented in various books and papers as 
demonstrating osseous healing reveals that in many cases this healing is questionable. 
Many surgeons have suffered disappointment when, trusting the roentgenographic diag- 
nosis of osseous healing, they have extracted the nail and then obtained a fresh dislocation 
of the fracture. 

It is advisable, therefore, to follow the criterion given by Felsenreich: Osseous healing 
is reliable only when the roentgenogram clearly shows osseous trajectories crossing the 
fracture gap everywhere and filling it completely. 


PLACING OF THE NAIL 


In deciding where to place the nail in the neck and head of the femur, two factors should 
be taken into consideration: (1) the optimum biological conditions for healing and (2) the 
mechanical aspects of the fracture. The nail has to be placed where it will best meet the 
requirements of both factors. 

From a biological point of view, the question is how to induce the best healing 
conditions possible. According to Pauwels, these are obtained by elimination of dislocating 
forces and by the production of functional pressure at the site of the fracture. 

From a mechanical point of view, attention must be paid to the following three points: 

1. Firmness of the Cervical and Capital Spongiosa in Various Sections: Nystrém found 
the firmness of the cervical spongiosa to be greatest postero-inferiorly, while in the head 
it was greatest in the center. The trochanteric cortex is also strongest posteriorly, where 
it is reinforced by the osseous trabeculae from the lesser trochanter. It will, therefore, seem 
most proper to place the nail steeply, a little posteriorly in the neck, and centrally in the 
head. 

2. Dislocating Power of the Muscles: It is well known that the outward rotators of the 
hip joint are very powerful. Subsequently it will be described how this force contributes to 
redislocation under rotatory cutting by the nail in the head. The more the nail is placed 
above and anteriorly in the head, the more readily will this complication appear. There- 
fore, if regard is to be paid to this displacing influence of the muscles, the nail ought to be 
placed a little inferiorly and posteriorly in the head. 
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3. Dislocating Forces Arising from 
the Weight of the Body during Walk- 
ing: The forces produced by the 
weight of the body in walking are 
stronger than is generally imagined. 
From the fundamental work on the 
gait of man, reported by Fischer in 
1899, it is evident that, every time 
the foot is put to the ground during 
ordinary walking, the head of the 
femur has to carry a load about four 
or five times the weight of the body. 
Knowledge of the enormous forces 
acting on the head of the femur 
during walking tends a priori to make 
one hesitate in allowing a patient to 

Fic. 1 bear weight on a limb soon after 
A cornparison of the distribution of forces on the fracture osteosynthesis has been performed. 
and the nail when the placement of the nail is steep and Sen 1 Siuetentes the satusl 
when it is more horizontal. g 
relations of the forces with a steep 
placement of the nail and with the prevailing, more horizontal placement. The force, 7, 
that acts on the head of the femur may be divided into P, which is parallel with the nail 
and has an impacting effect on the fracture, giving a functional pressure at the fracture 
site; and K, which acts vertically on the nail. It will be noticed that K=T sine a. This 
means that the steeper the position of the nail, the more functional will be the pressure 
on the fracture site, and the less the bending force acting upon the nail. With the two 
angles of the nail demonstrated (Fig. 1)—namely, 140 degrees and 115 degrees with the 
longitudinal axis of the femur—the difference is so great that the nail placed steeply is 
able to carry nearly twice as great a weight as is the nail in a more horizontal position. 

In addition, owing to friction, the steeply placed nail offers greater resistance to the 
displacing forces acting on the site of the fracture. Finally, when the nail is placed steeply 
and the bending force on it thus is reduced, the risk of the nail cutting into the head is 
lowered. 

Thus the steeply placed nail offers the following advantages: 

1. The displacing forces at the site of the fracture are diminished. 

2. The nail is exposed to less strain as a result of movement and walking, and hence it 
does not bend or break so readily. 

3. Spontaneous impaction is promoted,—primarily by diastasis at the site of the fracture, 
secondarily by absorption of the neck. 

4. The functional (callus-inducing) pressure on the fracture surface is increased. 

5. The risk of the nail cutting into the head is reduced. 

In contrast to these advantages, only one objection can be made: It is more difficult 
to drive the nail vertically than horizontally. This, however, is merely a question of 
technique. With preliminary drilling before the introduction of the wire, as well as before 
the driving in of the nail, there is no difficulty in placing the wire and nail in a steep 
position. 





Experiments on the Significance of Placement of the Nail 

In the State Testing Laboratory at Copenhagen, the author has carried out a number 
of experiments on femora with recent or old fractures of the neck, removed at autopsy, 
and on femora of patients who died from other causes. Attempts were made to answer 
two questions: 
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TABLE VI 
FREQUENCY OF NECROSIS OF THE HEAD 











a ——__—_________ 


No. of Total Necrosis of Head Partial Necrosis of Head 


Patients Re-examined Patients (No.) (Per cent.) (No.) (Per cent.) 
Total number 180 59 32.8 26 14.4 


With osseous healing 141 36 25.5 22 15.6 


TABLE VII 
RELATION BETWEEN PRIMARY DISLOCATION AND NECROSIS OF THE HEAD 





No. of Necrosis of Head 
Primary Dislocation Patients (No.) (Per cent.) 
Slight 100 33 33.3 


Marked 78 52 66.7 


1. Are nailed fractures suitable for early weight-bearing? In particular, does the 
asserted difference in the weight-bearing capacity in Pauwels’ three groups hold true? 

2. Which placement of the nail is ideal from an entirely mechanical point of view? 

The outcome of the first series of experiments has been noted, and the experimental 
technique has been mentioned briefly. Most of the experiments were carried out as 
follows: First, weight was applied to the bone directly, with increases of 20 kilograms, 
up to 240 kilograms; then the experiment was continued with a weight of 250 kilograms, 
thirty times a minute. If the bone did not give way, this weight was continued for a total 
of 50,000 repetitions, corresponding to a walk of about ten miles. After this, the addition 
of weights was continued with increasing pressure until the bone broke down, at the site 
of the fracture or elsewhere. All experiments were carried out in duplicate, and both 
femora were removed in every instance so that one acted as control. 

The question as to whether the site of an osteosynthesis is suitable for early weight- 
bearing is very difficult to settle. Numerous clinical experiences have shown plainly that 
early weight-bearing may give excellent results with osseous healing. Many of the experi- 
ments showed also that the “nailed”’ bones were able to withstand protracted periodic 
weights of 250 kilograms without any shifting at the site of the fracture. The outcome of 
these experiments, however, was largely dependent upon the quality of the osteosynthesis. 

The difference between the first and the third-degree fractures mentioned by Pauwels 
was confirmed by these experiments. Depending upon the strength of the bone, the break- 
down appeared when weights of 100 to 450 kilograms were added. In all the experiments, 
however, the first-degree fractures did not break down until the weight was about one and 
one-half times that under which the third-degree fractures broke down. 

Of greater interest are the experiments with Pauwels’ third-degree fractures, when the 
nail is first placed almost horizontally and then more steeply. In eighteen duplicate experi- 
ments, the results were all in favor of the steep placement of the nail. A typical example 
of such an experiment is given: 

Both bones were able to withstand 50,000 applications of 250 kilograms of weight 
without any change in form, but with an impaction which in both cases amounted to 3.5 
millimeters. Under subsequent weight additions with increasing pressure, the bone in 
which the nail had been placed steeply broke down at a pressure of 730 kilograms, whereas, 
with the more horizontal placement of the nail, the bone broke down at 340 kilograms. 

In recapitulating the evidence provided by theoretical considerations, clinical experi- 
ences, and practical experiments in proper placement of the nail, the following points 
should be emphasized: 
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TABLE VIII 
RELATION BETWEEN NECROSIS OF THE HEAD AND AGE OF THE PATIENT 











Under Over 
50 Years 51-60 Years 61-70 Years 70 Years 
Number of patients......... 28 33 53 27 
Necrosis of head............ 12 (42.9%) 13 (39.4%) 24 (45.3%) 9 (33.3%) 








TABLE IX 
ROENTGENOGRAPHIC RE-EXAMINATION OF 180 PATIENTS 





No. of 
Group ‘ Patients Per cent. 
I AT SS i ho 5a sass doped dies d me die Sele els 148 82.2 


IN 55 16 eh snk sg co rad Bids Bi wtb ann ave ae 32 17.8 








1. Subcapital and transcervical fractures should be analyzed according to Pauwels’ 


principles of classification. 


2. In first and second-degree fractures, central placement of the nail in the neck and the 


head is excellent, even though placing of the nail more steeply is better mechanically. 
8. In third-degree fractures, the nail ought to be placed steeply, preferably at an angle 
with the femoral axis of at least 150 degrees. 


4. In the horizontal plane the nail should be placed centrally or a little posteriorly in the 
neck, if the reposition permits. One has to avoid having the nail enter the anterior upper 


quadrant of the head, because this placement disposes to redislocation through cutting by the 
nail during rotation. 


CAPITAL NECROSIS 





In the fractures in the present study—all treated by osteosynthesis—the most fre- 
quent late complication has been necrosis of the head of the femur followed by arthrosis, 
and this is the commonest cause of permanent disablement. In the literature, capital 
necrosis is not fully dealt with, simply because of its late clinical manifestation, so that 
the re-examinations reported imply too short a period of observation. 

The present material, with an observation period of at least three and one-half years, 
shows the surprising fact that, among 180 patients who were re-examined roentgeno- 
graphically, total necrosis of the head was found in about one-third and partial necrosis 
in nearly one-sixth. Thus the outcome was complicated by capital necrosis in nearly half 
of the patients (Table VI). 


Etiology 


Most authors agree that necrosis of the head of the femur belongs to the large group 
of cases of aseptic bone necrosis of vascular nature. In general, we may expect the extent 
of capital necrosis to be parallel with the injury to the capsule (Table VII). Among patients 
with little or no primary dislocation, capital necrosis was found in about one-third, 
whereas in those with marked primary dislocation, it was found in about two-thirds. 
Site and Form of the Fracture 

In contrast to what has been asserted by many authors, the site of the fracture plays 
minor role in the development of capital necrosis. Among the healed subcapital and 
transcervical fractures in the present study, capital necrosis has been demonstrated, 
respectively, in 42.6 per cent. (twenty-three of fifty-four) and in 40.2 per cent. (thirty-five 
of eighty-seven). 
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TABLE X 


OvuTCOME OF CLINICAL RE-EXAMINATION OF 183 PATIENTS 








No. of 
Group Patients Per cent. 
EO RE ee a eee 7 PeRSe Sona ete URS C mek tT eee 50 27.3 
RI 9 Sans ig. eens ie ve ote are tc eee oer ee 42 23.0 
NR arta ct Gras, eases ee ret, maple retatite a eis aoe he eGo 52 28.4 


ry. Pow...... Bic lnisteed estas DUAR cum en cine a gta hots 39 21.3 


Neither does the form of the fracture appear to play any role in this connection. 
Among the healed fractures of Pauwels’ first and second degrees (taken as one group) and 
those of third degree, capital necrosis had developed, respectively, in 41.7 per cent. (forty- 
three of 103) and in 40.5 per cent. (fifteen of thirty-seven). Therefore, we may hardly 
expect any relation between the form and site of the fracture and capital necrosis. 


Age of the Patient 

Various authors think that capital necrosis is particularly frequent in young persons, 
probably because the complication gives more conspicuous symptoms in youth. That its 
frequency probably does not increase with increasing age is evident from Table VIII, in 
which only healed fractures are reported. 


Valgus Position of the Head 


There is no foundation for the belief, expressed by Pauwels, that the valgus position 
is nearly always associated with capital necrosis, owing to the resulting change in the 
load placed on the head. Among the healed fractures in this study in which the head was 
in marked valgus position and those in which the head was in nearly normal position, 
sapital ne¢rosis had developed, respectively, in 38.5 per cent. (fifteen of thirty-nine) and 
in 40 per cent. (sixteen of forty). It is the more fortunate as, to obtain good statics, the 
valgus position ought to be aimed at during the operation. 


Poor Reposition 

Felsenreich and Mouchet have emphasized that poor reposition disposes to capital 
necrosis. In the present study, the figures to this effect are too small to convey any idea 
about the question. No doubt the fractures associated with marked dislocation are 
generally accompanied by an extensive tear of the capsule, and for this reason alone they 
predispose to capital necrosis. 


The Nail as a Foreign Body 

Before osteosynthesis was adopted, capital necrosis was by no means an unknown 
phenomenon or particularly rare. Indeed, most authors think that capital necrosis is not 
due to the presence of the nail as a foreign body, although several believe that the nail, 
With its broad flanges, tends to compromise the nutrition of the head. 

Nystrém called attention to the risk involved when the tip of the nail is placed either 
too near the fovea capitis or in it. In order to get an idea of the risk involved by such 
placing of the nail, the material has been analyzed with this point in view. Among the 
fractures in which the tip of the nail was in or near the fovea capitis and those in which the 
tip was at least 0.5 centimeter from it, capital necrosis appeared, respectively, in 56.4 
per cent. (twenty-two of thirty-nine) and in 35.3 per cent. (thirty-six of 102). Even though 
the figures furnish no conclusive proof, they indicate that the vicinity of the fovea should 
he avoided during operation. 
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The Metal 


Several authors hold that the metal plays an important part in the appearance of 
capital necrosis. I think it depends largely upon the character of the steel, but in this study 
capital necrosis is nearly three times more frequent in cases with roentgenographic evidence 
of nail osteitis as in cases without nail osteitis (respectively, thirty-five of seventy-nine 
and six of thirty-six). Therefore, the physician must be very careful in his choice of nail 
material. To be on the safe side, he should use V2A steel or Vitallium. 

From the deliberations concerning the etiology of capital necrosis, the conclusion must be 
drawn that avascularity of the head is the most important factor. There are probably only two 
other contributory factors,—poor nail material and poor placement of the nail. 


Diagnosis 

Once the subjective symptoms of pain, limp, and limitation of motion have appeared, 
it is easy to make the diagnosis. Roentgenograms show spotted configuration in the head 
and, often at this stage, infraction and possibly beginning arthrosis. 


Treatment 


Since capital necrosis begins with softening of the head from about the fifth month 
to the commencement of the third year, the only rational treatment is to free the extremity 
from too much strain until the head again has become firm. In 1930, Phemister showed 
that infraction may be avoided by elimination of weight-bearing for a sufficient length of 
time. 

In determining the thoroughness of this sparing of the hip, it is reasonable to take 
into account the age of the patient, his weight, mental habitus, and social status. In most 
cases it will be sufficient to employ merely one cane, if it is used effectively, to spare the 
hip a great deal of strain. Complete elimination of weight-bearing is a severe trial, mentally 
as well as physically, in old and feeble persons; in dealing with younger persons, it is only 
rational to make the demand more categorical, considering that such a “quarantine”’ 
for a year and a half probably will save them from permanent disablement. 

In the present study it has been found that, in capital necrosis without avoidance of 
weight-bearing, the chance of infraction is 75 per cent. If infraction has taken place, the 
prospect of a satisfactory result is only 15 per cent.; in capital necrosis without infraction, 
the percentage is about 70. 

RESULTS 
Roentgenographic Results 

It is difficult to judge healing from a roentgenogram, and the surgeon has to be very 
critical to avoid erroneous conclusions that may have disastrous consequences. In order to 
designate the condition as unquestionable osseous healing, the entire fracture line should 
be crossed by trajectories from the neck into the head, without any zone of condensation. 


TABLE XI 


ISTIMATION OF FUNCTIONAL RESULTS IN RELATION TO HEALING AND NECROSIS OF THE HEAD 


| 
Necrosis of Head 


No. of | Healing Necrosis of Head Arthrosis | plus Infraction 
Group Patients (No.) (Per cent.) | (No.) (Per cent.)| (No.) (Percent.)| (No.) (Per cent.) 


I 50 50 100 0 0 | 3 6 0 0 
II 41 40 97.6 17 41.5 | 21 51.2 6 14.6 
Il 51 36 70.6 37 72.5 | 39 76.5 30 58.8 


IV | 38 22 57.9 | 31 81.6 29 76.3 | 25 65.8 
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In Table IX is recorded the outcome of the roentgenographic re-examination of 180 
patients. Healing was obtained in over 80 per cent., which may be considered a fairly 
good result. However, with increasing experience in the performance of these operations, 
more frequent postoperative control examinations, and more reoperations, it should be 
practicable to obtain a percentage of healing of nearly 100. 


Functional Results 


The functional results may be divided into four groups (Table X): 

Group I. Ideal Results: The patient has no complaint, and the function of the hip is 
as good as before accident. 

Group IT. Gooe Results: The patient has only slight inconvenience, 
some “‘rheuma‘ »:n”’ or rapidity of fatigue when a heavy weight is put on the hip. The 
walking capacity is about the same as prior to the accident. The physical examination 
may reveal a reduction in mobility of less than 10 degrees in each direction. 

Group III. Fair Results: The patient complains of reduced mobility in the hip and a 
lowered working capacity. Pain is frequent; dressing is difficult. The physical examination 
shows some shortening and a considerable reduction in mobility. In some cases a moderate 
contracture may be ascertained. 

Group IV. Poor Results: The walking capacity is greatly impaired or completely abol- 
ished. The patient’s working capacity is approximately zero. Intense pain is present in 
the hip. The physical examination shows marked reduction in mobility, and at times 
pronounced contracture or even ankylosis. 

Groups I and II correspond to what are designated in most other statistical studies 





at the most, 


as ‘‘good results”’. 

One may wonder that the results are not better than as presented here. If the primary 
results had been estimated and recorded, no doubt they would have been far better, but it 
is the late clinical symptoms in cases with capital necrosis that put their stamp on the 
material. As previously mentioned, these late symptoms do not manifest themselves until 
about a year and a half after the accident. 

In Group I (Table XI) all the fractures have healed and there is no capital necrosis, 
but three patients show roentgenographically a slight arthrosis that gives no symptoms. 
It is also evident that pseudarthrosis and capital necrosis with infraction and arthrosis 
are the cause of the poor functional results. 

It would be interesting to compare the results of the Whitman treatment and osteo- 
synthesis, but it is impracticable to obtain any reliable basis for such a comparison, because 
no fairly large study of Whitman-treated patients has been reported with a sufficiently 
long period of observation. 

Furthermore, it must be emphasized that the material presented in this work comes 
from twelve different surgical departments and represents the first experiments with an 
operative method, which is well characterized by Mouchet in the following words: En fait, 


il n’y a pas de procédé simple. 


POSTSCRIPT 


The author has been able to present a group of patients treated according to the 
principles described herein. (Most of the patients were operated upon, and the after- 
treatment was given by the author.) This report covers all the patients who, during the 
period from 1941 to 1943, were given operative treatment for fracture of the neck of the 
femur in the Odense County Hospital,—a total of sixty-eight. Of this total, six died in the 
Hospital after the operation, and twelve died after discharge from the Hospital. The 
remaining fifty patients have all been re-examined clinically and roentgenographically 
after an observation period of at least three and one-half years, just as was done in the 
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TABLE XII 


RoENTGENOGRAPHIC AND FUNCTIONAL RESULTS IN THE TWo GROUPS 








| Old Material 
(180 Patients) 


New Material 
(50 Patients) 


Results | (No) (Per cent.) | (No.) (Per cent.) 
Healing 148 82.2 47 94 
Pseudarthrosis 32 17.8 3 6 
Necrosis of the head 85 47.2 8 16 
Ideal 50 27.7 39 78 
Good 42 23.3 2 4 
Fair 52 28.8 4 8 
Bad 39 21.7 5 10 





preceding study. Thus, the two groups of patients are similar and have been treated 
exactly alike, so that they are comparable in every respect. 

The roentgenographic and functional results in the two groups are recorded in 
Table XII. After treatment of the patients according to the principles mentioned, the 
percentage of healing increased from 82 to 94, while the frequency of capital necrosis 
decreased from 47 per cent. to 16 per cent.,— that is, to one-third of the former frequency. 
This is reflected in the functional results, as in the second group 82 per cent. of the patients 
are ‘ound in the good class (Groups I and II) as contrasted with 50 per cent. of those in 
the previous study. 

With our present knowledge concerning fracture of the neck of the femur and necrosis 
of the head, we may hardly expect to obtain better therapeutic results. Capital necrosis 
with subsequent arthrosis still threatens the late functional results in one of every six 
patients. 
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THE USE OF THE TECHNIQUE OF PROGRESSIVE-RESISTANCE 
EXERCISE IN ADOLESCENCE * 


BY J. ROSWELL GALLAGHER, M.D., ANDOVER, AND 
THOMAS L. DELORME, M.D., BOSTON, MASSACHUSETTS 


From the Department of Health, Phillips Academy, Andover, Massachusetts 


In adolescence, such disorders as mechanical derangement of the knee joint, low- 
back strain, and insufficient development of the arms, shoulders, and chest frequently 
occur, and suggest the use of therapeutic exercise. Recently a technique has been re- 
ported **!§ for the development of muscle power, which gives promise of being of con- 
siderable value. The basic principle of this technique, progressive-resistance exercise, is 
that muscle power is better developed by exercising a muscle a few times at its maximum 
capacity than by having the muscle repeat an exercise many times against less resistance. 
Special equipment and methods have been developed to permit the proper application of 
this principle *. 

The technique of progressive-resistance exercise has important implications beyond 
the strictly clinical field for those who deal with adolescents. It relates to that philosophy 
which in recent years has emphasized the abuse of rest '"* and the need for the de- 
velopment of fitness rather than the avoidance of strain and fatigue ®; and takes issue 
with those physical educators who emphasize the social-psychological objectives of ath- 
letics and neglect the development of adequate muscle power and endurance °*. It is 
obvious to most of us who deal with adolescents that strength needs to be developed as 
well as endurance, coordination, flexibility, and skill; and that, if injuries are to be avoided, 
some games ° demand considerable strength about the joints. In addition, it is undoubt- 
edly true that most activities will be performed more successfully and with less fatigue 
when greater strength and endurance are present; the individual will pay less physiologi- 
cally, and therefore become less fatigued, when he is able to react well below his maximum 
limit. 

This clinical report discusses the use of the technique of progressive-resistance exer- 
cise in the after-care of knee injuries and low-back strains and in the muscle develop- 
ment of the arms, shoulder girdle, and chest in adolescents. None of these will be dis- 
cussed in detail here; it is the purpose of this report only to indicate the apparent useful- 
ness of this technique in the care of these common conditions, and to suggest its value as 
an addition to other types of physical therapy. 

KNEE INJURIES 

The tendency of knee injuries to recur is well known, and the need for combating 
the atrophy and hypotonia of the extensor muscles of the thigh which accompany these 
injuries is all-important *°. Whether or not the ligaments are torn, whether the carti- 
lage is damaged or removed, the most important part of the after-care of knee injuries is 
the development of strength in the quadriceps; frequently too much attention is paid to 
the lesion in the joint and too little to the subsequent development of power in the sup- 
porting muscles. Such exercises as quadriceps-setting, straight-leg raising, and walking 
are valuable in the early after-care of knee injuries and will gradually improve the power 
of the quadriceps; however, to prevent a recurrence of injury, it seems logical to us to 
strive for more than a return to former strength. Progressive-resistance exercises can re- 
store the power lost, and can produce a much greater strength in the supporting muscles 
than they possessed prior to the initial injury. However, we do not feel that a knee joint 


* This study was aided by a grant from The Grant Foundation, Inc. 


VOL, 31-A, NO, 4, OCTOBER 1949 847 








848 J. R. GALLAGHER AND T. L. DELORME 


which is free from fluid, has a normal range of motion, shows no atrophy of the thigh 
muscles, and can be vigorously extended against the examiner’s resisting hand is neces- 
sarily ready for skiing, football, or other strenuous activities. These activities can, and 
do, put sudden and severe strain on the supporting muscles, far beyond the limits im- 
posed at an examination. A knee joint is not ready for such stresses until it has extraordi- 
nary strength; absence of pathological signs is not enough. 

Table I presents data concerning adolescents who were given progressive-resistance 
exercises for knee injuries. Twenty-five boys, ranging in age from thirteen to nineteen 
years, were treated. Two of them had previously had operations for the removal of a 
meniscus; one had considerable atrophy of the quadriceps following a dislocation of the 
patella; and the others had previously had tears of the collateral ligaments of varying 
severity. Careful clinical examinations were made and roentgenograms were taken before 
this type of physical therapy was begun. Those whose injury had been relatively recent 
were given a conventional course of heat and massage, patella-setting, and straight-leg- 
raising exercises before progressive-resistance exercises were started. In several cases, 
thigh-cireumference measurements were made, and in every case quantitative estimates 
of the quadriceps strength were obtained by determining the maximum weight which 
the quadriceps had the power to raise to the horizontal (full extension). 

At the first exercise period the maximum number of pounds which could be raised 
to the horizontal (Figs. 1-A and 1-B) was determined, as was also the maximum amount 
which could be extended by the patient when seated in the hip-knee extension exerciser 
(Figs. 2-A and 2-B). One is rarely able to obtain accurate maximum values at the first 
testing period. Much more valid data can be obtained at the beginning of the second 
week, and for that reason we have used data obtained at this second testing period as 
representing the patient’s maximum power at the beginning of the therapeutic period. 
Each individual’s prescription was determined on the basis of the maximum load he had 
the power to raise, or extend, ten times. If he was capable of raising no more than twenty 
pounds attached to the boot, he would be asked to raise ten pounds ten times, fifteen 
pounds ten times, and twenty pounds ten times on each day, four days a week. At the 
beginning of each subsequent week the patient’s maximum power was again determined 





Fic. 1-A Fic. 1-B 


Load-resisting knee-extension exercise. 
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Fic. 2-B 


Hip and knee flexion-extension exercise. 


VOL, 31-A, NO. 4, OCTOBER 1949 





4 


R AND T. L. DELORME 


u 


R. GALLAGHE 


J. 


=> 
Yo) 
D 


o¢ 


08 


OL 


08 


09 


(spuno) 
UOISUD4XT] 


aouy 





OOT 


OT 


0ZI 


| 
| (spunod) (syquo]y) 
| UOISUD4XG] |UOTyeUTUTEXG| 


-UOIXO],J 


| souyy-dry |yuowyver, 


UOl{VUIWIEX9-9Y] 
}B JOMOg WNUWIXe yy 


9 e2 si 
a ey O0ZI 
‘ co | S01 
‘i 0¢ 08 
, 08 ot 
5 eg OLl 
| 
| 
: rr a A | 
08 oer 
8 08 Set 
‘ 09 06 
Spuno. 
(spunogd) fs stl 
| UOsuaRxG | mm LA 
“oy pus | suy yy pod 
jo pug | 
Uda.M}aq a 
pis yoo [CULy 


}B JOMOg WNUIXxtyy 





¥% 


O¢ 


pe NII 


ISIOIOXT] 





jo ‘ON 
[PIO 





| 0g 09 
OF c) 
OF cg 
“Sl 0g 
0¢ Ol 
0¢ OL 
&% Cr 
OF cg 
0¢ 06 
“Lz o¢ 
pean | Se 
| UOTSUDIXG] -U01X9},] 
| 9ouy 


| souy-diyzy 


}8 JOMOg WNUWIXEyY 


uo1}e.0do 
Jaye 
syjuoul 


SyooM 9 


syjuOU Z 


— 





SYOOM 9 


SOOM Zz 


SYooM Q 


SYooM E 


SYM F 
Sy}UOUL g] 


SIVAA J 


Welsolg 
ASIDIAXG] 
JO WARY 
0} Aunfuy 
WO} OUI 


al 


yoo Puoosag jo yaRyg joywuxoddy 


ures 


uleays 


uredys 


ures 


(®AtyB.10do4sod) 
AWOWaosSTUDTY ZE1 


JUDWIVSI]-[8.19}B [JOD ec] 
JUIWIVAL[-[B.19} 8] [OL 6FI 


JUDUIVAT]-[ 19} VIO 66 


JUMWIVST-[B.19}B]]OLD 681 


Aanfut snostueuw pur 


ureays 


urle.13S 


ureIys 


ureays 


ureays 


JUDUIVTT]-[B.19}B] [OI 2 


— 


JUDWIVIT]-[819}B[[OD 601 


JUIWIVSI[-[8.19} BI[OD FCI 


JUDWIVIY-[B.1I}VI[OD 





JUDUIVSY]-[V.19}B][OD) OZ 


stsousvIqg 


SAOG] AATA-ALNAM TT, NI SAIUAINT AANY ONIMOTION ASIOUAXG NOLLILAdAY-MO'T FONVLISISAY-AAISSAUDOU 


I ATAVL 


Gl 


99 


(spuno) |(sayouy) 


ys. | 14S 


9I 


€I 


| 





‘ad 


4d 


‘aa 


WH 


ust g 





AND JOINT SURGERY 


BONE 


THE JOURNAL OF 





1 


5 


* 


8 


7 


NCE 


u 


ISE IN ADOLESCE 


u 


‘ 


XERC 


u 


E 


u 


SSIVE-RESISTANCE 


PROGRE 


v 


09 


OL 


O8 


¢9 


OL 


OL 


Q 
i 


C6 








081 


Ol 


OST 


OT 


COL 


OZI 


OOT 


Oll 


OZ1 


COL 


8% 


9E 


83 


rE 


SI 


OF 


KG 





09 


O08 


OF 


OL 


09 


uonRiado 


Ja}ye 


SIROA © 


syjuoUL g 


SYUOUL G 


syjuOW 9 


SYVOM Q 


SYOOM 


SYM g 


SYOOM 


SIBVOA Ff 


ywuour | 


syyUuoU ¢ 


IBdA | 


Syvom ¢ 


— 


sy}UuOU g 


Sy}UOUT ¢ 


(panuzwo)) T ATAVL 


ULBIYS JUPWIEAT-[C.10} B][OD 
UBS JUDUIBSTY-[B.19} BI [OF 
UIB.LYS JUOUIVAY-[B.10} BI [O/) 

veyed Jo UOTBOOTSIG] 
ULBIYS JUOUIETT-[B.10} B[V) 
UIBIYS JUOWVAL-[B19}R][OD 
UIBIYS JUDWIEITY-[V.19}U[[OD 
UIBI}S JUPWIVSIT-[B.19}U[[OD 
UIBIYS JUPWIBAL-[B.19}B[OD 
UIBI}S JUOWUITY-[B.19}8[[OD 


UIBIYS JUOWVILY-[819}B[[OD 


UIBIYS JUDUIESI-[B.19}B[[OD 


UIBAJS JUDWIVTT-[B.191BI[OD 


UrBIyS JUDUTEST[-[8.19} 8/0; ) 


col 


£91 


691 


Esl 


SEI 


6Z1 


£9l 


eri 


PPI 


O9T 


oa 


OL 


89 





$I 


LI 


SI 


Ll 








4, OCTOBER 1949 


NO. 


VOL, 31-A, 


CY 





852 J. R. GALLAGHER AND T. L. DELORME 


TABLE II 
WEEKLY PRESCRIPTIONS IN CasE H.A. 














Pounds of Resistance in Pounds of Resistance in 
Load-Resisting Knee- Hip and Knee Extension- 
Week Extension Exercise Flexion Exercise 

(10 Repetitions Each) (10 Repetitions Each) 
First 15 20 25 35 40 45 
Second 221% 25 2714 40 45 50 
Third 25 30 35 45 50 55 
Fourth 30 35 40 55 60 65 
Fifth 40 45 50 65 70 75 
Sixth 45 50 55 70 75 80 
Seventh 50 55 57% 75 80 85 
80 85 90 


Nighth 50 55 60 


and his prescription was properly increased (Table II). The exercises were continued 
until the strength reached was greater than that of the contralateral limb, and beyond 
which we judged little progress could be made within a reasonable time. 

It is clear from Table I that each of these boys became able to handle greatly in- 
creased amounts of weight within a relatively short period. In seventeen cases we have 
had an opportunity to determine whether the ability to handle this much weight would 
gradually be lost after the treatment stopped. The check-up intervals varied from two to 
twelve months. In no instance was there any indication that the gains made in the thera- 
peutic-exercise period had been lost, although none of these boys had done any exercises 
of this nature during those intervals. Their retention of the gains made seems the more 
surprising because of the relatively high levels they had achieved. 

Brief comments about a few of these cases may clarify the type of condition which is 
apparently benefited by this method, and illustrate a few points which have occurred to 
us in the course of this work. 


H. A., aged thirteen, had injured his left knee in a fall from a horse, two years previous to our examina- 
tion. He was in bed for six weeks and was told that he had injured his knee cartilage. He was not given any 
type of physical therapy or special exercise in the convalescent period. His knee continued to bother him 
“‘on and off, whenever I do much’’. He was a sturdy young boy, weighing 120 pounds, who wanted to play 
football. The examination of the knee was negative, and there was no evidence of quadriceps atrophy. He 
was told, however, that his muscle strength (he could raise twenty-five pourds on the boot and extend 
forty-five pounds on the hip-knee extension exerciser) was not good enough for the stress which football 
could offer; six-man football (a less hazardous game 5) and an exercise program were suggested. After eight 
weeks of this exercise program he was raising sixty pounds and extending ninety pounds; during the next six 
months there were no symptoms referable to the knee, despite strenuous participation in athletics. A check, 
six months after he had discontinued therapeutic exercise, showed no loss in ability to extend these weights. 
The details of his weekly prescriptions (Table II) illustrate the “progressive” principle of this technique: 
Periodic increase in the maximum load is an essential part of this method. 


I. C. badly twisted his right knee while skiing on February 23, 1947. He was admitted to the hospital 
where, on February 24, he was found to have considerable fluid in the knee joint, pain with all motions at 
the joint, and exquisite tenderness over the medial condyle. He had been treated with an ice pack initially, 
then with a tight compression bandage. After a few days of bed rest, the fluid disappeared. He was discharged 
from the hospital on March 3, without crutches, but with a supporting felt bandage. A period of quad- 
riceps-setting and straight-leg-raising exercises followed. On April 5, 1947, a series of quadriceps measure- 
ments showed atrophy of the right quadriceps of from one-half to one inch at various points. Against a heavy 
spring scale he could extend his right leg against forty pounds, his left leg against sixty-five. In the hip-knee 
extension exerciser he extended twenty-five pounds with his right leg and thirty-five pounds with his left; 
he could raise only ten pounds on the boot with his right leg. After seven weeks of exercise he was able to 
raise forty-five pounds on the boot and to extend eighty pounds. Twelve months later he was still able to 
raise fifty pounds on the boot. 
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J. E. was operated upon in June 1947, and a ruptured medial meniscus was removed. He was given no 
postoperative exercise and was told “to be careful for a few months”. He consulted us in October 1947. His 
knee seemed to be in fine condition and there was no atrophy of the thigh, but he could raise no more than 
fifteen pounds with his right leg (thirty-five with his left) and could extend only fifty pounds (eighty pounds 
with his left). This finding of strength differences when the loads are large, in the presence of an otherwise 
negative clinical examination, seems to us to be important. The joint motions are satisfactory, there is no 
fluid, the knee seems strong when the leg is raised against the examiner’s hand, but there is relative weak- 
ness. After six weeks of treatment, J. E. was able to raise 75 pounds and to extend 100 pounds. Six months 
later he reported that he had had no trouble with his knee in the interval; a test showed that he had lost 
very little, if any, of his quadriceps power. 


J. F. twisted his right knee while wrestling in June 1946; it did not seem to be a severe injury, and no 
treatment was given other than the application of an elastic bandage. In September 1946, the same knee 
“went out” at soccer, and he refrained from athletics for two weeks. In December he twisted his knee and 
fell in the shower bath. During the following spring and summer the knee bothered him, but he kept on 
trying various activities. In September 1947 his knee “went out” again at soccer and, completely discour- 
aged, he decided to give up athletics. When seen by one of us on September 26, 1947, the knee seemed nor- 
mal; there was no evidence of instability, no fluid, no crepitus or pain with motion, no atrophy of the thigh, 
and apparently good strength. The right leg, however, was able to lift only thirty pounds, while the left 
raised forty. After a seven-week program of progressive-resistance exercises, the right leg handled seventy 
pounds on the boot and increased its ability to extend from 55 to 105 pounds. During a test, five months 
later, he was still able to handle these amounts and had had no symptoms, despite an active athletic career 
during the winter and spring of 1948. 


A. G. first had trouble with his left knee in October 1946; at that time there was evidently a considerable 
effusion in the joint and he was told that he had a “loose cartilage’. A plaster cast was applied for three 
weeks; then diathermy treatments were given twice a week for six weeks, together with some quadriceps- 
setting exercises. In December 1946 he played basketball and injured his knee again; some fluid developed, 
but he tried skiing later that winter. He played baseball and tennis in the spring without difficulty. In Sep- 
tember 1947 he slipped on a boat deck and wrenched his knee; fluid developed. When first examined by us 
(September 1947) there was a small amount of fluid in the left knee joint, but no tenderness to pressure or 
pain on motion; atrophy of the quadriceps was marked. The left leg could raise no more than five-eighths of 
a pound on the boot, and that was accompanied by apprehension and difficulty. A week later, when his con- 
fidence had been gained, he raised five pounds, which is undoubtedly a better measure of his initial strength. 
At the same time he lifted thirty pounds and extended sixty-five pounds without difficulty with his right 
leg, whereas he could extend no more than thirty-five pounds with his left. After ten weeks of exercise, he 
raised seventy pounds on the boot and extended ninety pounds with his left leg. A test nine months later 
showed no loss of power, and he had had no symptoms during these months. 


K. 8. dislocated his right knee (patella) while diving on July 25, 1947; a plaster cast was used until 
August 15. Fluid was present when the cast was removed, and diathermy and a whirlpool bath three times 
a week were ordered until September 12. When seen on September 15, he was still using crutches, and 
flexion and extension at the knee were considerably limited. There was no evidence of fluid, but there was 
marked atrophy of the right thigh,—from one-half to one and one-half inches in serial measurements. His 
right leg raised seventeen and one-half pounds on the boot, his left raised forty; the right extended thirty- 
five pounds, the left sixty-five. After nine weeks of progressive-resistance exercises he raised 65 pounds and 
extended 105 pounds with his right leg. 


In these cases, not only has the atrophy or weakness of the thigh muscles been over- 
come, but the individual’s ability to overcome weight resistance has been greatly in- 
creased over what we can presume was his ability prior to injury. This was accomplished 
with only a small expenditure of time; ten minutes a day is adequate. Patient coopera- 
tion is easy to obtain; these boys eagerly watched their charts and the gradual increase 
in power which they showed. The exercises, because they continually increase in diffi- 
culty, are challenging. They do not seem to be the same day after day, because the amount 
of weight is increasing and the numerical values act as an incentive and furnish the physi- 
cian with an objective measure of progress. 

The relatively rapid loss of cardiovascular-pulmonary endurance after cessation of 
a training program is well known". The persistence of the weight-resisting ability is 
obviously much greater; there has been no significant loss in any of these cases. Exactly 
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what these exercises accomplish is not clear; the increase in weight which can be handled 
(in A.G. from five to seventy pounds and in J.F. from thirty to seventy pounds) cannot 
be thought of as representing a parallel increase in muscle mass or even in muscle strength. 
Learning factors at the cerebral level!® undoubtedly play a part. Whatever the mecha- 
nism, atrophy has been overcome, and ability to raise or extend weight has been vastly 
increased. After the exercise program, each patient has felt much more confident of his 
knee’s ability to withstand strain, and in none have any significant knee injuries devel- 
oped subsequently. Obviously many more cases must be studied and a much longer period 
of observation must elapse before one can properly be optimistic. These preliminary ob- 
servations, however, at least suggest the justification of further clinical tests of these 
methods. 


LOW-BACK STRAINS 


Symptoms of low-back strain are common in adolescence. During this period of 
rapid growth and strenuous, but poorly coordinated, exertion, there is frequently insuffi- 
cient strength of the low-back muscles to prevent excessive strain being put on the lum- 
bar and sacro-iliac ligaments. More uncommon disorders than postural or ligamentous 
strain, such as spondylolisthesis and epiphysitis, need to be kept in mind; and careful 
clinical and roentgenographic examinations of even the most transitory low-back symp- 
toms are essential. 

Experience to date indicates that progressive-resistance exercises in spondylolis- 
thesis are tolerated well, often with relief of subjective symptoms. However, back symp- 
toms may occasionally develop in patients with juvenile epiphysitis, probably due to ex- 
cessive tension on the involved areas. Therefore, resistance exercises in these parts are 
advised with greater caution. 

During the acute phase of low-back strain, bed rest, strapping, heat, and codeine 
and aspirin may be necessary. Later the patient should avoid lifting, a slumped position 
while sitting, and standing with the weight on one foot. Sleeping on a bed board, the 
daily performance of flexion and extension, and pelvis-tilting exercises are properly given. 
However, to prevent the recurrence of these symptoms, it would seem wise to attempt to 
increase the strength of the sacrospinalis’. This procedure may also be of value in the 
after-care of those who have previously had braces or casts applied. Data concerning nine 


TABLE III 
TRUNK-HYPEREXTENSION EXERCISE IN NINE Boys 











No. of Initial Final Maximum 
Patient Age Height Weight Diagnosis Exercise Maximum Maximum Power at 
(Inches) (Pounds) Periods Power Power Re-test 


(Pounds) (Pounds) (Pounds) 











G.M. 17 74 181 Spondylolisthesis 10 10 25 

20* 25* 70* 75 (6)** 
J.B. 17 74 178 Low-back strain 18 45 65 75 (9)** 
R.C. 16 70 150 Low-back strain 16 35 70 
N.K. 17 69 173 Low-back strain 24 20 80 
M.L. 16 69 138 Low-back strain 21 20 50 55 (12)** 
R.S. 15 69 133 Low-back strain 36 20 65 75 (13)** 
J.W. 18 69 155 Low-back strain 48 30 125 
H.M. 16 72 165 Epiphysitis, spine 24 20 50 
G.T. 18 69 128 Low-back strain 24 20 60 








* Second series, nine months later. 
** Interval in months between exercise and re-test. 
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Fia. 3-A Fia. 3-B 


Load-resisting exercise for hyperextension of trunk. 


of these cases are given in Table III. The exercise method is illustrated in Figures 3-A 
and 3-B. 


R. C. first hurt his back while pole-vaulting, in April 1947. In the early fall of that year his back was 
bothersome, and he decided to stop playing football. On October 9, 1947, roentgenograms were negative; 
there was slight limitation of forward bending, but no pain. Since there were no acute symptoms, progressive- 
resistance exercises were begun. The load-resisting trunk-hyperextension exercise (Figs. 3-A and 3-B), with 
weight placed between the shoulders just below the neck and with knees supported and feet firmly held, was 
done thirty times a day. During the first week twenty-five pounds was raised ten times, thirty pounds ten 
times, and thirty-five pounds ten times on each day. During the fourth week seventy pounds could be raised. 
No further symptoms developed, despite a resumption of pole-vaulting during the winter and spring. Five 
months later sixty pounds was raised without difficulty. 


N. K., a sturdy and very athletic lad, first injured his back at football (tackling) in 1943; he was taped 
and was allowed to continue playing. In 1945 his back again bothered him. In the spring of 1947 he injured 
it at pole-vaulting and had to give up that sport. All through the football season of 1947 it bothered him, 
but he continued to play; it would feel tired and “sore” at night. At the start of early-season basketball, 
his back hurt whenever he jumped. At examination on November 13, 1947, when he finally reported his 
symptom to one of us (he had thought nothing could be done!), his roentgenograms were negative and so 
was his clinical examination, except for less flexibility in forward bending than one would expect in an ath- 
lete. Despite his excellent development and athletic skill, he could raise no more than twenty pounds when 
doing the back-extension exercise. During a three-month period of treatment (interrupted by the Christmas 
holidays) there were twenty-four exercise days; in this time he became able to raise eighty pounds. After 
the first week in January he had no further symptoms of back strain, and played basketball vigorously and 


without any discomfort. 


R. S. first hurt his back in March 1947, while playing basketball out-of-doors; he was unable to sleep 
that night. Roentgenograms were taken, aspirin was ordered, and he was told to “take it easy’. He recov- 
ered gradually and had no further trouble until spring, when he started to play lacrosse; his back was taped 
and he was told to rest for one month. At the end of May he played lacrosse again, but almost immediately 
his back started to hurt, so he stopped. In August, while swimming, it bothered and an osteopath made his 
bones “click’’. In the fall he tried football, but stated that his back hurt every day. Without much hope of 
obtaining relief, he consulted one of us on November 9, 1947. The roentgenograms were negative, and no 
abnormality was noted except discomfort during extreme forward bending. Progressive-resistance exercises, 
beginning with twenty pounds, were continued for two months (interrupted by the Christmas holidays). 
After thirty-six exercise periods, he could raise sixty-five pounds. At the end of four weeks (sixteen visits) 
he was able to hyperextend his trunk and fifty-five pounds, and later reported that during the Christmas 
holidays he shoveled heavy snow for three hours without discomfort. He wrestled during the winter and 
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played lacrosse during the spring without discomfort. Twelve months later he reported that he had had no see 
symptoms of back strain since stopping his therapeutic exercise, and he was able to raise seventy-five pounds. Th 





G. T., a physician’s son, wrenched his back when he tripped going upstairs on February 27, 1947; it 
was very painful for him to straighten up, to walk, or to turn in bed. He was seen the next day; only slight a br: 
forward bending was possible, and the lumbar muscles were in spasm. He was put to bed and given medica- © he 

4 


tion and heat. He gradually improved, so that one week later he could walk with comfort. Roentgenograms fa] 
were negative. Because of the severity of that acute attack (there had been two similar attacks previously), © 














or’ 
progressive-resistance exercises were not started until April 7. At that time he was able to raise twenty pounds; - 
six weeks later he was raising sixty pounds. Eighteen months later he reported that he had no further back ° 
pain. m<¢ 
m<¢ 
H. M. had low-back discomfort in August 1945, and roentgenograms showed definite epiphysitis of the ve 
spine. A brace was worn until March 1947. With the consent of his specialist, progressive-resistance exer- 
: Z - ‘ : : A ga 
cises were begun in April 1947; the back-extension exercise started with twenty pounds and increased to 
fifty pounds in six weeks. The patient subsequently engaged in a strenuous athletic program without diffi- 
culty. 
ay 
J. W. fractured his coccyx in 1943. In December 1947, he returned to his physician for an annual check- - 
up. He was told that he probably would have trouble with his back at the age of forty; and was urged, as he 
had been during the previous four years, to continue to take it easy at athletics. After his return to school ’ 
he came in requesting a bed board, because his back ached sometimes. Roentgenograms and clinical exami- a 
nation of his back were negative; his abdomen was prominent, and the muscles in general were rather flabby. scl 
Despite his lack of interest in exercise and athletics, he said he wanted to get rid of his prominent abdomen as 
and wouldn’t mind seeing if he could prevent his backache and avoid the trouble promised for the age of ha 
forty. With some skepticism and a little indifference, he began back-extension exercises on January 26 with tre 
twenty-two and one-half pounds, and continued until May 14, when he was able to raise 125 pounds. Con- 
currently he did “sit-ups’’, first against only his own weight, and finally doing thirty a day with twenty 
pounds held by his hands behind his neck. He had no symptoms of back strain after March 1 and slept with- 
out any discomfort. In May his muscles were firm, his attitude and spirits had improved, and his abdomen 7 
was no longer prominent. tr 
B tc 
There has been an opportunity to test four of the nine boys at intervals of from six ni 
to twelve months after the special exercise had been discontinued. In no case was there st 
a loss in ability to raise the amount of weight which had been their previous maximum W 
(Table III). ti 
ol 
CHEST AND ARM DEVELOPMENT h 
Examinations of adolescents which seek ways to improve health and fitness, as well t 
as to uncover abnormalities‘, will frequently reveal youths whose arms are extremely a 
thin, whose chests are flat, and whose shoulder girdles are poorly developed. It would 
TABLE IV 
EXERCISES FOR THE DEVELOPMENT OF ARMS, CHEST, AND SHOULDER GIRDLE IN E1cut Boys. re 
ee ee ——— > : 
No. of Side st 
Patient Age Height Weight Exercise Curl * Alternate Arm- R: isin re 
(Inches) (Pounds) Periods Press * Raising * (Lying) * e 
LC. 14 65 99 40 15-25 10-15 5-84 5-814 . 
C.C. 15 71 126 36 30-50 1214-20 5-114 7144-138% 
J.G. 14 64 110 60 20-3214 7-114) =2%-64 214-84 
L.K. 14 62 91 32 20-30 74-15 2144-6144 244-74 
C.P. 17 69 132 46 35-60 1214-30 5-10 74-17% 
A.P. 15 71 172 24 20-50 10-25 214-8144 5-10 
HLS. 16 68 127 36 25-45 10-20 64-10 74-11% 


JS. 15 69 133 36 30-45 10-20 °“ 58% 5-12 





* The first number represents the initial maximum power, the second number the final maximum power. 
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seem reasonable to believe that improvement in these conditions would be beneficial. 
The youth who does not wish to be bigger and stronger is rare; and, if for no other reason 
than to satisfy these wishes, it is proper to try to help him. To take the position that 
brains are all-important and to deny the part that brawn plays in an adolescent’s mental 
health and adjustment is unfortunate. These exercises may be considered more properly 
a part of a physical-education program than the concern of the physician, pediatrician, 
orthopaedic specialist, or physical therapist, but often they can be combined with 
exercises for the back, knees, or some other region which brings the patient in for treat- 
ment. Too few physical educators or athletic coaches spend much effort in the improve- 
ment of strength of the less able athletes; many of them are interested chiefly in the de- 
velopment of skill and in the psychological values of games. An indication of the sort of 
gains which can be made is given by the data in Table IV. 


I. C. came in for quadriceps exercises, but wished also to build up his chest, arms, and shoulders. Over 
a period of ten weeks he made considerable gains in ability to handle increasing amounts of weight in doing 
each of four exercises. 


J. G. is of interest because his exercise period was interrupted and because he was again tested after a 
nine-month interval without similar exercise. In this nine-month interval he had taken part in a regular 
school program of soccer, basketball, and lacrosse; and yet, although there was no loss in ability to handle 
as much weight as he had done nine months previously, it was difficult for him to do so and there certainly 
had been no gains in strength. In sixty exercise periods (Table IV) his ability to handle weight increased 
from 50 to 250 per cent. for the various exercises. 

CONCLUSIONS 

On the basis of this preliminary experience with progressive-resistance exercises in 
these conditions of adolescence, it seems obvious that the method is a valuable adjunct 
to other physical-therapy procedures. The objective nature of the exercises, the fact that 
numerical values can be assigned and progress charts kept, and the fact that new and 
strange equipment is used all contribute to the patients’ interest and cooperation. It 
would appear that the benefits of these procedures persist over a considerable length of 
time; further study of this point is obviously necessary. More investigation of the nature 
of the improvement in ability to handle weight is also needed. Other factors than muscle 
hypertrophy must exist to explain the changes noted. The concomitant improvement in 
the contralateral limb has not been discussed, but in each of these cases it has been noted; 
and it has been described by Hellebrandt, Parrish, and Houtz. 


SUMMARY 


1. This preliminary report suggests the effectiveness of the technique of progressive- 
resistance exercise in the after-care of knee injuries and low-back strains and in the de- 
velopment of the muscles of the upper trunk and arms of adolescents. 

2. The desirability of utilizing a therapeutic-exercise method which will not only 
restore muscle power, but which will also produce a considerable increase over the strength 
existing prior to injury, is urged. 

3. Further clinical trial of progressive-resistance exercise is suggested in conditions 
which require that muscle power be increased. 
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AN UNUSUAL FORM OF pr QUERVAIN’S SYNDROME 
Report or Two Casges* 
BY IAN D. MURPHY, M.D., VAN NUYS, CALIFORNIA 


From the Orthopaedic Section, Birmingham Veterans 
Administration Hospital, Van Nuys 


In most cases of de Quervain’s syndrome, the tendons of the abductor pollicis longus 
and the extensor pollicis brevis are involved, as they pass diagonally downward in a 
common compartment over the styloid process of the radius *. Occasionally the tendons 
lie in separate compartments, and the pathological process may involve either or both * 
(Fig. 1). In the cases reported here, the constriction was limited to the tendon and separate 
sheath of the extensor pollicis brevis. 

Cask 1. A negro dishwasher, forty-seven years old, complained that pain in the left wrist had persisted 
for five weeks. The pain was especially severe on adduction and passive ulnar deviation of the thumb. Local- 
ized swelling, heat, and tenderness were present just above the radial styloid process. 

At operation, under the ischaemia produced by a pneumatic tourniquet, the superficial branches of the 
radial nerve were identified and retracted. A transverse incision was used to avoid the ugly keloid frequently 
seen after longitudinal incisions. The tendons of the abductor pollicis longus and extensor pollicis brevis lay 


* Published with permission of the Chief Medical Director, Department of Medicine and Surgery, 
Veterans Administration, who assumes no responsibility for the opinions expressed or the conclusions drawn 
by the author. 
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in separate compartments (Fig. 1). The sheath over the abductor tendon was opened and was found to be of 
normal appearance. A probe was easily slipped up and down the sheath beneath the dorsal carpal ligament, 
and no aberrant tendon was encountered, as is frequently reported '. The sheath of the extensor pollicis 
brevis was next incised; it was thickened, discolored a reddish-brown, and contained yellowish fluid. Probing 
revealed the constriction to be one inch above the radial styloid process. A section of the dorsal carpal liga- 
ment and the sheath was excised longitudinally to a point well above the constriction, and the tendon then 
moved freely in its compartment with abduction of the thumb. Only the subcutaneous tissues and skin were 
closed. 

Microscopic section revealed synovial tissue of tendon-sheath origin, lined by proliferated and hyper- 
trophied mesothelial cells, the stroma of which presented moderate fibrosis. Recovery was uneventful; six 
weeks later the patient was working and had no symptoms. 


Case 2. Symptoms identical with those of Case 1 had been present for two months in a seventy-year-old 
white retired textile manufacturer, whose most strenuous activity for the past five years had been golf. The 
pathological findings were also the same, being confined to the tendon of the extensor pollicis brevis, which 
was in a separate compartment. As in the first case, the treatment consisted in removing a section of the 
dorsal carpal ligament and sheath at the point of constriction. Immediately afterward, the patient could 
fully abduct and extend the thumb. 


In these two cases with symptoms of de Quervain’s syndrome, the constriction in- 
volved only the extensor pollicis brevis, which was in a separate compartment. When this 
less usual arrangement of the tendons occurs, exploration of both compartments is advised. 
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A METHOD OF PROCURING ILIAC BONE BY TREPHINE CURETTAGE 


BY WALTER SCOTT, M.D., HOLLYWOOD, RALPH C. PETERSEN, M.D., GLENDALE, AND 
SIDNEY GRANT, M.D., LOS ANGELES, CALIFORNIA 


An easy method of procuring cancellous bone from either the anterior or the posterior 
portion of the iliac wing is presented. Essentially, it requires a one-inch incision, stripping 
of a small portion of the crest, and the excision of a piece of cortex sufficient to admit a 
medium-sized curette. This is followed by complete curettement, bone being taken from a 
45-degree arc in each direction (Fig. 1). The use of a suction apparatus facilitates the 
procedure considerably. Before closure of the incision, it is advisable to pack the cavity 
with a hemostatic substance, such as gelfoam, to prevent the formation of hematoma. 








Fie. 1 


This procedure has been used by the authors in approximately 150 cases. There 
have been no complications, and, as there is practically no shock, the method can be 
used in the aged patient or in the acutely injured, where the conventional and more 
extensive iliac operations are precluded. 

In our experience, curettings are superior to cancellous chips, cubes, or slivers, prin- 
cipally because the material can be better molded and packed into the bone cavities at 
the recipient site. Muscle stripping is entirely eliminated, making early ambulation 
possible. 
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VITALLIUM-CUP ARTHROPLASTY OF THE HIP JOINT 


REVIEW OF APPROXIMATELY ONE HUNDRED CasEs * 


BY ALEXANDER GIBSON, F.R.C.S. (ENG.), WINNIPEG, MANITOBA, CANADA 


There are two qualities that every joint should possess,—stability and mobility. In 
the upper limb, mobility is the keynote; in the lower limb, stability is more important. 
In the hip joint, stability is largely assured by the massive construction and comparative 
fixity of the pelvic girdle, while mobility is provided for by the presence of a ball-and- 
socket joint, permitting movement in all directions. 

In order that this enarthrodial joint may function at its best, the position of the ful- 
crum must be at an exact distance from the line of the center of gravity. If fulerum and 
line of gravity are approximated, stability may be increased, but there is a loss of mobility; 
if they are distracted beyond the normal, there is a loss of both stability and mobility. 
If the “machining” of the joint components be defective or the lubricating mechanism 
imperfect, there is a loss of efficiency; and, if the muscle control is deficient, the same result 
accrues. Of all the factors necessary to the smooth working of a hip joint, probably failure 
of muscle control is the earliest to make itself manifest. The work of Inman has demon- 
strated beautifully the muscular mechanics of the hip joint in regard to the movement of 
abduction. The factor of distraction of the head of the femur was dealt with by Gilmour 
under the caption, “Increased Acetabular Depth’’. Wiberg has emphasized this and has 
suggested a method of measurement. 

It seems a natural inference that this out ward passage of the head is due to inadequacy 
of the muscles which serve to hold it in the acetabulum. These are muscles of which we 
hear comparatively little; they are of considerable mass and they run for the most part 


TABLE I 


MEASURES FOR THE RELIEF OF PAIN 





Manipulation Drilling of the head of the femur 
Osteotomy Division of the obturator nerve 
Cheilotomy Division of the fourth lumbar root 

Joint débridement Acetabuloplasty 

Reconstruction (Whitman or Colonna) Capsulectomy 

Bone block Chordotomy 

Muscle-flap transplant Arthroplasty (either without any barrier, 


with fascia, or with some form of mold) 


transversely from the pelvis to the upper end of the shaft of the femur. These muscles are 
the pectineus, quadratus femoris, adductor magnus (uppermost portion known as adductor 
minimus), piriformis, obturator externus, and obturator internus with the two gemelli. 
This reasoning suggests that muscular insufficiency is an important factor in the develop- 
ment of osteo-arthritis of the hip joint; and that the deformities of the head of the femur 
and of the acetabulum are not merely phenomena of degeneration, but are partly physio- 
logical bone reactions to misdirected physical strains. This would align the condition 
with what is seen so frequently in the lumbar spine, and would suggest the value of muscu- 
lar exercise, preferably without weight-bearing, as a prophylactic measure. 

The osteo-arthritic hip has one outstanding symptom, pain, and one outstanding 
sign, limitation of movement. Of the two, pain is the more insistent problem. For its 
alleviation, many measures have been adopted (Table I). 


* Read at the Joint Meeting of The American ngeete Association, The British Orthopaedic Asso- 
ciation, and The Canadian Orthopaedic Association, Quebec, Canada, June 4, 1948. 
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TABLE II 














Number of 


Disability Cases 
Osteo-arthritis...... stoes SER Pe dendaDs SP ease 89 
Atrophic arthritis. . . 9 
Marie-Striimpell disease............... oe ar o re 3 
Ununited fracture........ eoken wna é 
Tuberculosis. ...... - OS eer ee er 2 
Slipped epiphysis (old)...... 2 
Septic arthritis... .. ae eee 2 

1 


Fracture-dislocation . . 


SRS Set 22 : 111 


The present paper deals with about one hundred cases in which a Vitallium cup 
was employed, following the method of Smith-Petersen. It is in no sense a scientific memo- 
randum. The patients came mainly from long distances; their stay in the hospital was for 
the most part limited by financial and other considerations. In the majority of cases there 
was only perfunctory after-care, and many of the patients have not been heard from 
directly since they left the hospital. Indirect reports have been numerous, but in most 
instances it has not been possible to check progress. Thus it is a series of impressions 
rather than a statistical survey that is presented. 


Age of the Patient 

The average age was 52.6 years; the oldest patient was seventy-six, the youngest, 
sixteen. While there has been some improvement in the older patients, notably in regard 
to pain, the results have been rather disappointing. In older people there is not the ca- 
pacity for exercise and the will to improve that are seen in younger individuals. We have 
tended to set the age of sixty-five as an arbitrary upper limit for this procedure. On the 
other hand, the two youngest patients, aged twenty-three and sixteen, gave poor results. 
The most encouraging progress was made by patients in the fifth decade. 


Stage of the Disability 

Most of the patients treated surgically were in a fairly advanced condition with 
much osteophytic outgrowth, loss of articular cartilage, and limitation of movement. The 
author has moved toward the position that an earlier attack on the problem, before these 
changes had become so marked, would have given better results. In a community where 
most of the population live by physical labor on the farm or on the railroad, medical aid is 
not sought until the malady has become disabling or the pain intolerable. 


Cause of the Disability 

The causes of disability are indicated in Table II. The cases of osteo-arthritis were, 
on the whole, suitable for this form of treatment. Atrophic arthritis proved less satisfac- 
tory, and the cases of Marie-Striimpeli disease were wholly disappointing. Of the two 
cases of tuberculosis, in one the procedure was undertaken deliberately and in the other 
the infection was a belated discovery. In both the treatment failed; both patients had 
arthrodesis later with satisfactory outcome. Of the three cases of ununited fracture of 
the neck of the femur, one had a satisfactory result and the other two did not. Of the 
two cases of slipped epiphysis, one patient, aged thirty-three, is at latest report free from 
pain, but is still using a crutch. The other, aged sixty-one, suffered dislocation of the 
cup from the acetabulum, the roof being very sloping. Fusion of the joint was performed 
later. Of the two cases of septic arthritis, gradual stiffening occurred in one; at a later date 
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TABLE III 





Number of 
Result Cases 
AES aap eae a ee i eae Pee ee ee aT ee 65 
Satisfactory........... DF aratstneets a) uy ae 16 
| ee ; byes Se ee ‘ 19 
Unelassified.......... : ae ; 11 
| ee ; ase . eccnes cos ; ; 111 


the head of the femur was excised. The other was the result of a severe war injury. The 
result, while not spectacular, is regarded as a success, inasmuch as the patient is now able 
to drive a car and manages a small business of his own. A good result was obtained in 
the case of fracture-dislocation. 


THE SURGICAL APPROACH 

In every case, the hip joint was exposed by the “‘posterior’’ approach, based upon 
that described by Kocher. It has proved to be very simple, thorough, extensible to any 
degree, and almost bloodless; it is unaccompanied by shock. It is rarely necessary to tie 
a blood vessel; no patient has ever required or had a blood transfusion; and there has never 
been a hematoma in the wound. There is no extensive detachment of muscle fibers from 
bone; the glutaeus medius and glutaeus minimus run no risk of shortening. Replacement 
after reflection is easy and accurate. There is no interference with the function of the 
iliotibial tract. After recovery, the Trendelenburg sign is usually negative. The description 
of this approach sounds complicated; in practice it is exceedingly simple. As many sur- 
geons seem to be unfamiliar with the method, a brief description is given herewith. 


The So-Called ‘‘ Posterior”’ Approach * 

1. The skin incision is made from a point about two inches (five centimeters) in 
front of the posterior superior spine of the ilium, in a straight line or a slightly forward 
curve, downward to the upper anterior angle of the greater trochanter; from this point 
it passes vertically downward along the lateral aspect of the thigh for six or seven inches. 
When the skin and fat have been reflected, the anterior border of the glutaeus maximus 
will be revealed. 

2. The fascia lata should be incised in the line of the femur. This incision is followed 
upward along the anterior border of the glutaeus maximus, and the muscle is reflected 
backward. This avoids bleeding from the muscle. 

3. The posterior border of the glutaeus medius is then evident, and is separated 
from the adjacent piriformis tendon. The border is followed down to the insertion on 
the lateral aspect of the greater trochanter, and this insertion is detached with a flake 
of bone if necessary. The operator should then proceed around to the anterior surface 
of the greater trochanter, and detach similarly the glutaeus minimus at its insertion. 
Both of these muscles are reflected forward. 

4. The insertion of the piriformis is detached from the highest point on the greater 
trochanter, and the muscle is reflected backward. The upper aspect of the capsule is then 
laid bare. 

5. The joint capsule is incised from the rim of the acetabulum to the upper aspect of 
the neck of the femur, thus opening the joint cavity. 

6. The femoral attachment of the capsule is detached from the anterior intertro- 


* A more detailed description of this procedure will be included in an early issue of the British Volume of 
The Journal. 
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chanteric line, as far as is necessary to provide easy egress for the head of the femur. It is 
never necessary to touch the iliopsoas. 

7. The head of the femur is then dislocated through the opening in the upper anterior 
portion of the capsule. The knee is flexed; the thigh is rotated strongly outward and is 
adducted. When this has been done, the field of operation is completely in view. 

8. The periphery of the acetabulum is freed from excessive bone growth. The floor 
of the acetabulum is inspected, and any loose pieces of bone or redundant synovial mem- 
brane are removed. The bony floor is usually smooth and is not weakened by burring out 
compact bone. 

9. The head is remodeled roughly with an osteotome, then with a short wood rasp 
which is controlled with the finger tip, and finally with a reamer. 

10. The cup is fitted so that it moves easily and smoothly, but does not ‘‘rattle”’. 
The neck is freed from projecting spurs of bone. 

11. The cupped head is reinserted into the acetabulum by reversing the extrusion 
manoeuvre. The flap of capsule is stitched back into position. 

12. The glutaeus medius and glutaeus minimus fold back into position and are stitched 
with catgut; the glutaeus maximus and fascia lata are similarly disposed of; the skin is 
closed with a continuous suture. Although the wound is fourteen or fifteen inches long, it 
heals readily. 


Postoperative Treatment 

The period spent in bed is usually four weeks, during which exercises are carried out. 
Three principles are observed in regard to exercises. 

First, they are graded, as follows: 

1. Assisted: The strain is eased by the use of pulleys and counter suspension. 

2. “‘Seratch’’: The limb is actively moved without assistance. 

3. Handicapped: Resistance is added in the form of a weight which is systematically 
increased. If weight is added too rapidly, progress is retarded. 

Second, the exercises are carried out in all directions. In the case of a disabled knee 
joint, we are constantly adjured to institute ‘‘quadriceps” exercises. Experience has 
shown that “hamstring’’ exercises are at least as important, and so, in the case of the 
hip joint, exercises must include flexion, extension, abduction, adduction, external rota- 
tion, and internal rotation. Special attention is paid to abduction. 

Third, it is recognized that the movements of the hip joint and those of the lumbar 
spine are complementary; hence exercises for the back are carried out as faithfully as 
those for the hip itself. 

COMPLICATIONS 

Breaking of the Cup: In no ease has this occurred. 

Infection: In one case infection flared up suddenly during the third postoperative 
week. As it did not respond to conservative measures, the cup was removed. 

Dislocation: Dislocation occurred in three cases. One of these was an ununited frac- 
ture of the neck of the femur in a woman weighing about 250 pounds. The stump of the 
neck was too short. A second occurred in a patient who had an attack of pneumonia shortly 
after returning home. He lay constantly on the sound side, and the upper end of the femur 
was displaced from the cup. It was replaced by manipulation nearly three years ago, and 
there has been no trouble since. In the third case, the cup was displaced from the acetabu- 
lum. It was an error of judgment to have placed a cup in a socket with an inadequate 
roof. The error was corrected by subsequent arthrodesis. 

Bone Absorption: A fairly constant finding was that the cup sinks into the depth of 
the acetabulum, and that the stump of the neck seems to shorten as if it also underwent 
absorption. In some instances a layer of sclerosed bone seems to be laid down to oppose 
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Fig, 2-A Fia. 2-B 


Case 74. May 17, 1939, before operation. June 11, 1949, eight and one-half years after 
operation. 


this migration. No pain accompanies this gradual displacement, although movement be- 
comes less free. The picture suggests that, at least in old cases, the main part of the move- 
ment in the reconstituted joint takes place between the upper end of the femur and the 
cup, rather than between the cup and the acetabulum. A corollary to this observation 
would seem to be that it is inadvisable to burr out the cavity of the acetabulum, as this 
procedure must expose softer bone to the pressure of the metal. 

Transient Drop-Foot: This was noted in one case, and was attributed to stretching 
of the sciatic nerve in the process of extrusion of the head from the acetabulum. In the 
customary exposure, the sciatic nerve is never seen. 

Spur Formation: In one case, complaint of pain led to re-exposure of the hip. A ridge 
of bone was present on the under side of the neck. Removal of this spur (in 1941) gave 
complete and permanent relief. 

Suture Material: In a few cases, stout silk was used to ensure firm closure of the cap- 
sule. In two instances, these silk sutures worked out at a later date. Apart from a chronic 
discharge, there was no inconvenience. 


BILATERAL CASES 
There were five bilateral cases, with one death; this occurred six months after the 
second operation, as a result of arteriosclerosis with gangrene of the foot. The results in 
the other four cases were satisfactory. One patient has been operating a taxi since 1942; 
another, aged seventy-six, is still able to get about with canes; another is working on his 
farm. A fifth patient, whose result had first been classified as ‘“‘bad’’, came back to have 
the other hip made equally free from pain. 


MORBIDITY 
There were no operative deaths. Five patients have died since the operation, one, 


referred to in the preceding paragraph, at the age of sixty-eight. Another, aged seventy- 
six, died a month after operation from cerebral arteriosclerosis. A third died from the same 


cause at the age of seventy-six; a fourth died five years after operation at the age of sixty- | 
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Fia. 3 


Case 43. Appearance of hips on May 14, 1946, sixteen months after second operation. 


nine, likewise from arteriosclerosis. The fifth patient died one year after operation from 
secondary carcinomatous growths in the pleura and spine. As far as is known, there have 
been no deaths among patients operated upon since 1942. 
RESULTS 

It is impossible to present an accurate picture. All cases should theoretically be con- 
sidered under three categories,—anatomical, functional, and economic. In considering 
movement alone, a three-dimensional joint demands three-dimensional coordinates which 
have to be correlated. This would entail the use of an index of mobility, active and passive, 
checked at intervals,—a measure adopted in only a few cases of the present series. The 
sole criterion used has been functional efficiency. When the outstanding indication for 
operation is the relief of pain, it should be obvious that the patient must have a voice in 
estimating the result. The result is considered ‘‘good”’ when the patient can earn his own 
living and indulge in a moderate amount of physical recreation, such as curling or golf. 
He should also be able to put on his own socks and shoes, and should be able to stand 
firmly on the foot of the affected side. Many have attained such results (Table III). A 
“satisfactory” result is one in which the patient is completely relieved of pain during his 
ordinary activities. This has been attained in the great majority of cases. A “‘bad”’ result 
is one in which the surgeon or patient, or both, are disappointed. Of these, there are nine- 
teen in this series. They include the cases of tuberculosis, of Marie-Striimpell disease, 
and others which better selective judgment or better operative technique would have 
excluded. 


ARTHROPLASTY OR ARTHRODESIS? 


Inevitably one ponders the question of arthroplasty or arthrodesis. In some cases, 
such as tuberculosis, there is no choice; arthrodesis is imperative. In other cases, where, 
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for example, there is bilateral ankylosis, an attempt to secure movement on at least one 
side is equally imperative. Both measures, if successful, give promise of relief from pain. 
If a reasonable degree of stability can be secured with, at the same time, a reasonable degree 
of mobility, then arthroplasty is the first choice. If only in a hip joint, a certain measure 
of freedom is surely worth the sacrifice of a modicum of security. 


ILLUSTRATIVE CASE HISTORIES 


Case 1. A. le M., aged fifty-eight, a market-gardener, was completely disabled on account of osteo- 
arthritis of the hip. The operation was performed on July 3, 1939. He left the hospital in two weeks, had no 
postoperative treatment, and has been free from pain since. He regained good movement of the joint, was 
able to cross one leg over the other, and to sit in comfort through an entertainment. The patient was last seen 
on September 8, 1949 (Figs. 1-A and 1-B). There is still practically no pain, but the movement is less. He 
works from dawn to sunset, drives a car, and is satisfied. Functionally and economically, the result is good. 


Cass 74. B. H., a stenographer, was operated upon at the age of thirty-eight. She had suffered from 
atrophic arthritis since the age of nineteen. Her left hip joint had been affected since 1938. The right knee 
was stiff (fibrous ankylosis) (Fig. 2-A). The operation was performed on January 5, 1941. The patient was in 
the hospital for four and one-half weeks, and did not use crutches after that time. She returned to work in from 
seven to eight weeks. This woman has had no pain since her operation, and has lost no time from work. 
Roentgenograms show considerable sinking of the cup into the acetabulum, and absorption of the neck of 
the femur. The patient was last seen on June 12, 1949 (Fig. 2-B). 


Cass 43. J. P. had been a groom and a coachman; when seen, he was on old-age pension. He had marked 
osteo-arthritis of both hips with disabling pain. He was seventy-one at the time of his first operation, on June 
16, 1943. He obtained relief from pain, and asked for an operation on the second hip. This was done on Janu- 
ary 5, 1945 (Fig. 3). When last seen, on June 15, 1949, the patient walked with two canes, but stated that he 
was relatively free from pain unless he did too much. This case is classed as satisfactory, although the patient 
himself thinks the result is good. 

CONCLUSIONS 
1. Vitallium-cup arthroplasty offers good prospects of relief from pain and increased 
movement in cases of osteo-arthritis of the hip joint. 
2. The “posterior’’ approach affords excellent exposure with little trauma. 
3. Graded exercises in all directions are valuable for rehabilitation. 
' 4. The procedure has not been found suitable in cases of tuberculosis, Marie-Striimpell 
disease, or sloping of the acetabular roof. 
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DISCUSSION 
Dr. M. N. Smiru-PerersEN, Bosron, Massacuusetts: | think Dr. Gibson has proved that, if we can 
do a thing well in our own way, we may occasionally succeed. He has demonstrated a different method of 


arthroplasty than the one we advocate. There are several points upon which we disagree. 
I have always felt that, if we are to create a joint, we must create a joint that will be mechanically 
(Continued on page 872) 
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POSTERIOR DISLOCATION OF THE HIP WITH FRACTURE OF 
THE HEAD OF THE FEMUR 


BY EVERETT J. GORDON, M.D., AND JOSEPH A. FREIBERG, M.D., CINCINNATI, OHIO 


From the Department of Orthopaedic Surgery, College of Medicine, 
University of Cincinnati 


Traumatic dislocation of the hip comprises from 2 to 5 per cent. of all traumatic 
dislocations. As the precipitating injury is always one of great violence, a complicating 
fracture is not uncommon; this usually involves the posterior rim of the acetabulum. A 
fracture of the head of the femur accompanying posterior dislocation of the hip is rare; 
it has been reported infrequently in the literature. Such a case is described here. 

It is generally agreed that the cause of fracture of the head of the femur, in con- 
junction with posterior dislocation of the hip, is either direct trauma to the greater tro- 
chanter, or, more frequently, a powerful upward force exerted against the anterior aspect 
of a knee held in 90 degrees of flexion. 

The fracture of the head of the femur appears to occur in its inferior or antero- 
inferior third; the fragment may be attached to the ligamentum teres and may or may 
not remain within the acetabulum, thus affecting the choice of procedure for reduction. 


CASE REPORT 


J. C. (Hospital No. 213614), a white male, thirty-two years old, was admitted to Cincinnati General 
Hospital on May 7, 1946, after the automobile which he had been driving had crashed into a tree. On initial 





Fia. 1 


Complete posterior luxation of femoral head. (Detached fragment from head is not demonstrable in 


this film.) 
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Fic. 2 
Femoral head has been completely reduced into the acetabulum. 


Fia. 3 


Intracapsular, detached osseous fragment is seen antero-infero-medially; no acetabular defect can 
be visualized. 
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examination a severe scalp laceration was found, together with signs of cerebral concussion. The right lower 
extremity was held in 20 degrees of abduction and 90 degrees of flexion at the hip joint. The greater tro- 
chanter could be felt, high on the posterior crest of the ilium, and all movements of the right hip were painful. 
There was a severely lacerated, compound fracture of the right patella with wide separation of the fragments. 


A diagnosis of posterior dislocation of the right hip was con- 
firmed by roentgenogram (Fig. 1), which, however, was insufficiently 
good to show the bony detail of the femoral head. Reduction was 
difficult, but was finally accomplished, with the patient under 
intravenous pentothal anaesthesia, by direct, forceful traction with 
the hip flexed to 90 degrees. Because of the cerebral injury and shock, 
for which two units each of plasma and blood were given, the patella 
and scalp injuries were repaired under local infiltration anaesthesia. 
A wire suture approximated the patellar fragments, and the knee 
was immobilized with a massive Schanz dressing. The hip was par- 
tially immobilized by binding the lower extremities together. Con- 
valescence was uneventful; the wounds healed per primam. 

Roentgenograms, taken one week after admission (Fig. 2) 
confirmed the reduction of the femoral head, but also showed a free 
fragment of bone within the joint capsule. At first this was inter- 
preted as a fracture of the posterior lip of the acetabulum; but when 
further studies, including stereoscopic views, showed the fragment 
to be lying anterior and infero-medial to the head and neck of the 
femur, it was decided that the loose fragment had been detached 
from the head of the femur and not from the acetabulum. 

Although there was a good range of painless motion in the hip, 
the hip was explored, three weeks after injury, through an anterior 
approach. A large fragment of the femoral head from the articular 
surface of the antero-inferior portion, with a small ridge of adjacent 





Fia. 5 














=) 


Fig. 4: Specimen of detached fragment from antero-inferior surface of head of femur, with small 
portion of adjoining neck. (Artifacts of articular surface from instrument handling.) 
Fig. 5: Two years after injury, no avascular necrosis of head of femur is visible. Sclerosis of inferior 


rim of acetabulum may be seen. 
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cervical bone attached, was found tightly wedged beneath the joint capsule on the anterior aspect of the 
neck, joined to the neck by a synovial reflection. This was removed, with another smaller fragment of loose 
articular cartilage (Fig. 4). The defect in the antero-inferior portion of the head was visualized, but was not 
disturbed. No fracture of the acetabular rim could be noted. 

Traction of fourteen pounds was applied through a Steinmann pin, placed in the supracondylar region 
of the femur, and was continued for six weeks. This allowed early motion in the injured knee, which the 
patient soon was able to flex to 150 degrees. Active physical therapy, including heat, massage, and active 
and passive exercises to both the knee and hip, resulted in continued improvement. The patient was allowed 
up on crutches eleven weeks after injury, with an elevated shoe on the uninjured side to prevent weight- 
hearing. At that time hip motion consisted of flexion to 95 degrees, extension to 185 degrees, abduction to 
$5 degrees, adduction to 40 degrees, internal rotation to 20 degrees, and external rotation to 35 degrees. 
Roentgenograms of the hip showed a normal outline of the femoral head, except for slight fuzziness of the 
antero-inferior portion. 

One month later, there was a complete range of painless motion in the hi». The patient was very cooper- 
ative in the use of his crutches; apparently there was no weight-bearing on the affected side. Weight-bearing 
was avoided for six months following injury, in the hope that adequate fibrocartilage might form over the 
denuded portion and that deformity of the femoral head from possible aseptic necrosis might be prevented. 
Partial weight-bearing was then instituted, and the crutches were discarded two weeks later. At that time the 
patient had no difficulty in using the right hip, and was able to return to his work at dry cleaning. Three 
months later, he had a full range of painless motion in the hip; he walked without a limp; and was able to do a 
full day’s work without fatigue. Roentgenograms revealed the defect in the femoral head, but otherwise an 
essentially normal hip joint. 

The patient returned to the clinic on May 25, 1948, two years after injury, walking with a normal gait 
and with no complaints. Examination showed no shortening of the right lower extremity and a normal range 
of motion in the hip, without pain. Motion in the right knee had improved almost to normal. Roentgenograms 
of the right hip suggested the possibility of a slightly superior position of the acetabulum (Fig. 5), but other- 
wise essentially no change from the previous examination of February 11, 1947. 

By questionnaire in March 1949, the patient reported that he had a complete range of motion in the 
right hip as compared to the left, no limp, almost complete motion in the right knee, and no pain with weight- 
bearing or walking. He was able to do a full day’s work without difficulty, and expressed the opinion that the 
hip was as good as it had been before the accident. 





DISCUSSION 


ViraLLiumM-Cup ARTHROPLASTY OF THE Hip Joinr 
(Continued from page 868) 


efficient. In order to bring this about, we must reconstruct both sides of the joint. For this reason, the an- 
terior approach, which gives access to the acetabulum, was developed. Dr. Gibson does not believe in this 
and has shown illustrations to demonstrate his point. In conditions, such as malum coxae senilis, with over- 
growth of bone on the acetabular side as well as a large femoral head, the posterior approach would be very 
disappointing and certainly not so easy as it appears to be in the film demonstrating the operation. Recon- 
struction of the acetabulum must be done if we aim to lay the foundation for a joint that will function well 
permanently. 

Dr. Gibson made a statement that the cup should not rock on the head. The cup should rock on the head; 
it is not physiological for the head of the femur to be encased snugly in the mold. There must be motion 
between the acetabulum and the mold, and between the femoral head and the mold. If the cup fits snugly 
and does not rock, we will have motion between the mold and the acetabulum only. A tightly fitting mold 
interferes with the circulation to the head and neck and, in the course of time, degenerative changes take place 
inside the mold, resulting in a distorted relationship between the mold and the adjacent structures. 

I am glad that Dr. Gibson emphasized the need of careful postoperative treatment. This is most im- 
portant if the best possible results are to be obtained. 


Dr. ALEXANDER GrBsoN (closing): The cases in this series were essentially cases of osteo-arthritis of 
the hip. We had one or two other conditions, such as a shallow acetabulum, which in my experience has not 
been treated successfully. It would demand a degree of excavation of the acetabulum that we have not done. 

In regard to the point brought up by Dr. Smith-Petersen, when I said “rocking” I meant no movement 
from side to side. The joint must never be stiff. It has been our experience that the cup itself sinks into the 
bone and that the bulk of the movement is between the stump of the neck and the cup. 
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SURGICAL APPROACH TO THE VERTEBRAL BODY 


BY ARTHUR A. MICHELE, M.D., AND FREDERICK J. KRUEGER, M.D., 
BROOKLYN, NEW YORK 


From the Department of Orthopaedic Surgery of the United States 
Marine Hospital, Staten Island, New York 


Early vertebral lesions in which the pathological changes are confined to the vertebral 
body present a problem in their diagnosis. The present-day method of basing the diagnosis 
solely upon the findings of the roentgenologist and the clinical pathologist is not accurate 
in all instances. Only upon obtaining definite biopsy evidence can a sound diagnosis be 
made and the appropriate therapy instituted*. Needle biopsy of the thoracolumbar 
vertebrae is not only a blind and dangerous procedure, but frequently yields unreliable 
and inadequate material for diagnosis. The anterior or abdominal approach to the verte- 
brae is difficult and hazardous. 

Since a safe method for obtaining adequate biopsy material has not been available, 
vertebral-body lesions have frequently been treated on an empirical basis with anti- 
biotics, roentgen-ray therapy, or spine fusion. Consequently, several methods for penetra- 
tion of the vertebral body through a 
posterior spinal approach, for the pur- 
pose of obtaining adequate biopsy and 
culture material, have been devised. 
By a direct approach to the vertebral 
body through definite bone channels 
which can be exposed readily, the 
selected portions of the body contents 
are made available for diagnosis and 
subsequent therapy. The method of 
choice for penetration of the thora- : 
columbar vertebral bodies will depend shoot 

. A : Transverse sections through the thoracic and lumbar 
entirely upon the surgeon’s dexterity vertebrae show the relative diameter of the pedicle as 
and his familiarity with the anatomy compared with that of the body. 
of the structures involved. 

The transverse diameter of the pedicles in relationship to the bodies of the thora- 
columbar vertebrae is of greater proportion than that noted on examination of the mounted 
skeleton (Fig. 1). A trephine with bores of three-sixteenths of an inch, seven thirty-seconds 
of an inch, and five-sixteenths of an inch is used for penetration into the body. The gauge 
used is dependent upon the vertebral body under investigation. The marker is used for 


locating the centrum of the articular facets, over which the trephine is inserted (Fig. 2). 














THORACIC VERTEBRAE 
The bodies of the thoracic vertebrae may be approached by either of the two following 


methods: 


Method I 
The patient is placed in the prone position. A paravertebral incision is made over the 
side of the spinous process and over the laminal plate of the affected vertebra. The muscles 
are retracted and the transverse process is bared. A transverse osteotomy is performed at 
the base of the transverse process, at its juncture with the laminal plate (Fig. 3,4). By 
depressing or retracting the transverse process from the wound, the isthmus of the vert ebra 
873 
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Pare is exposed and the cancellous nature of its 
bone structure may be seen. A _three-six- 
teenths-inch trephine with quarter-inch mark- 
ings is inserted through the fenestra and 
guided downward with slight pressure, so that 
a mere twisting action leads the trephine into 
6 x the pedicle and finally into the body (Fig. 
By! 3,B). The trephine is removed repeatedly, 
* Vo after minute progressions within the channels 
have been made. In each instance, the con- 
@ 5. tents should consist of cancellous bone, which 

fy indicates the presence of the trephine within 

U 








| the medullary substance of the pedicle. As a 
| result of penetration by the trephine, a chan- 
| nel from the posterior elements directly into 
the vertebral body is formed, and spongy bone 
or pathological tissue can be removed readily 
| with a small blunt curette. If he so desires, the 

operator may use the trephine stylet instead 
of the trephine, inserting it through the can- 
cellous isthmus into the canal of the pedicle 
and finally into the vertebral body. Only 
gentle pressuve is required for penetration of 
the stylet. 


























Fic. 2 Method II 


The trephine with stylet inserted, showing the 
three diameters. The marker is used for a control 
in trephining the articular facet. verse process of the involved vertebra has been 


performed, an alternate method of approach 
to the vertebral body can be carried out in the following manner: The transverse process 
is retracted sufficiently, in conjunction with slight depression of the adjacent rib, to expose 
the junction of the pedicle and body. The trephine is used to penetrate this junction at an 
angle of 45 degrees toward the centrum, and material is similarly removed with a curette 
(Fig. 3,C). 


After osteotomy of the base of the trans- 


LUMBAR VERTEBRAE 


The approach to the lumbar vertebral bodies is easier than that to the thoracic 
bodies, both because the vertebrae and their processes are larger and because of the 
sagittal or anteroposterior arrangement of the facets. Any one of the following three 
methods may be selected for penetration of the bodies of the lumbar vertebrae: 


Method I 

A paravertebral incision is made, directly over the articular facet of the vertebral 
body under consideration. The articular facets are located and denuded. Penetration into 
the isthmus, pedicle, and body is made through the superior articular process. After this 
process has been located, the ascending facet will indicate the body of the lumbar vertebra 
to be operated upon. Towel clips are applied to the ends of the spinous processes of the 
adjacent vertebrae, and the exposed facet articulation is identified by alternate pushing 
and pulling on the two clips. A marker is inserted into the joint space of the articular facet 
and a trephine, five-sixteenths of an inch in diameter, is slipped over the marker (Fig. 
4,A). The cartilaginous plates of the articular facet are completely gouged when the 
trephine has penetrated for a distance of one-half inch (Fig. 4,B). 


THE JOURNAL OF BONE AND JOINT SURGERY 











SURGICAL APPROACH TO THE VERTEBRAL BODY 875 




















A: Transverse osteotomy at the base of the thoracic transverse process. 
B: Trephine through the fenestra of the isthmus, into the pedicle and body. 
C: Trephine inserted into the body, at junction of pedicle. 


The two buttons of bone facing the marker are removed (Fig. 4,/); the articular car- 
tilage of the apophyseal joint is found to be sandwiched between them. A smaller trephine 
is inserted into the fenestra and is carried downward, usually by its own weight, for three- 
quarters of an inch. With slight twisting, the trephine is manipulated within the medullary 





| 











A; Marker is inserted into the articular facet. Trephine is slipped over the marker. 
B: The bored leaves of the articular facet, with a channel of cancellous bone. 
1: Inset shows the two buttons of bone removed. 
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Fia. 5 


The position of the spine on the operating table will determine the direction of the trephine. 


portion of the pedicle. After each minute progression, the material in the trephine should 
be examined to be sure that cancellous bone is present. If the cortical bone is being 
skimmed, the operator can detect this by noting the deflection of the instrument. The 
body is penetrated in most instances when the trephine has been inserted for one inch. 
Samples of material for biopsy and cultures can be removed with the trephine through 
this opening (Fig. 6,4). Sufficient material for diagnosis can be obtained by simple curette- 
ment of the body. The stylet may be used instead of the trephine for penetration through 
the fenestra into the isthmus, pedicle, and body. In the lumbar spine, as in the thoracic 
region, the medullary bone extends within a channel from the isthmus, through the pedicle, 
and into the body. 

After completion of the biopsy, the articular facets ' are either locked by 90-degree 
rotation of the removed buttons of bone, or they are reinforced by use of a part of the 
spinous process, transverse process, or preferably, the iliac bone (Fig. 6,B). By inserting a 
larger trephine through a small incision over the ilium, the necessary peg of bone can be 
obtained 


Method II 


The approach through the transverse processes is carried out by extending the ex- 
posure through the articular facet (Method I), and retracting the muscles from the base 
of the transverse process of the vertebral body involved. An osteotomy is performed at 
the base of the process, after it has been bared at the posterior surface and the laminal 
plate has been exposed (Fig. 7,A). A greenstick osteotomy of the transverse process is 
done and it is depressed, but not removed from its bed. A fenestra with exposure of the 
isthmus is obtained in this manner, and the operation can be continued either by use of a 
trephine through the isthmus into the pedicle and the body, or by penetration with the 
trephine stylet (Fig. 7,B). Curettement of the body can then be carried out. 
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Fia. 6 
A: The curved trephine is used to indicate the circumference of penetration of the body by the 


curette. 
B: Iliac bone graft, used to reinforce the articular facets, is fixed into the pedicle. 

















Fic. 7 


A: Greenstick transverse osteotomy of lumbar transverse process. 
B: Trephine inserted into the fenestra, pedicle, and body. 


Method III 

This method is in reality a continuation of Method II. The osteotomy is performed 
at the base of the transverse process of the involved vertebra. The transverse process is 
not removed from its bed, but is merely depressed; so that, by blunt periosteal stripping, 
the entire pedicle can be exposed at its lateral margin. The point of junction of the pedicle 
and the body of the vertebra is selected as the site of penetration of the trephine into the 
body. 

SUMMARY 

Five methods of direct approach to the thoracic and lumbar vertebral bodies have 
been presented. In each instance, the surgeon should select that procedure which is safest 
for the particular vertebral body involved. By approaching the vertebral body directly 
through definite bone channels which can be readily exposed, the selected portions of the 
body contents are made available for diagnosis and subsequent therapy. These methods 
are particularly valuable in those cases in which the lesion is confined to the vertebral 
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body, and no other sources of biopsy or culture material are available upon which to base 
a diagnosis. Moreover, the direct approach facilitates the introduction of penicillin, 
streptomycin, or other medication into the vertebral body. 
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POSTERIOR DISLOCATION OF THE STERNOCLAVICULAR JOINT 
Report oF A CASE 
BY WALTER A. GUNTHER, M.D., KNOXVILLE, TENNESSEE 
From the Penn Clinic, Knoxville 


Dislocation of the clavicle at its sternal end is relatively rare, as compared with 
acromioclavicular dislocation. Of the three main types—anterior, superior, and posterior— 
the anterior is by far the most common. Not more than thirty cases of the retrosternal 
variety have been reported in the literature. 








Fia. 1 


Oblique view of left sternoclavicular joint before reduction. 


The following report presents a case treated successfully by manipulative reduction. 


A fifteen-year-old white American boy reported to the emergency room of the hospital on November 13, 
1948, complaining of pain in the chest. He walked slightly hunched over, and held the left forearm in his 
right hand. Although in pain, he was not dyspnoeic or particularly apprehensive. He stated that two hours 
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Fia. 2 


Oblique view after reduction. 


earlier, while engaged in a sand-lot football game, he had hurled his 135 pounds at an opponent of 190 pounds 
in a “body block’’. At the moment of impact he had turned the left shoulder toward the opposing player 
and had received the full force of the latter’s charge on the posterior and lateral aspects of his left shoulder. 
He was knocked to the ground and felt instant pain in the region of the sternum. 

On physical examination, a depression was felt at the sternal end of the left clavicle, at the spot where 
the slightly bulbous end of the clavicle may usually be palpated. There was some swelling over this point and 
it was extremely tender to the touch. There was no evidence of dyspnoea or dysphagia. No abnormal dis- 
coloration was present, nor evidence of air under the skin. Examination of the left upper extremity revealed 
no signs of peripheral-nerve damage or of circulatory changes. Roentgenograms of the chest wall in right 
and left oblique views showed the sternal end of the left clavicle to be displaced behind the sternum. The 
actual overlap, without compensation for distortion in the film, was seven-eighths of an inch. 

The patient was told that closed reduction of the dislocation should be done without delay. He refused 
treatment and left the hospital, carrying the left arm in a sling. Two days later he reappeared, the pain and 
swelling in this region having increased. 

After suitable preparation, intravenous pentothal was administered, and an unsuccessful effort was 
made to reduce the dislocation by strong upward and outward traction on the left arm, as well as backward 
pressure on the shoulder. The anterior aspect of the chest wall was then prepared as for surgery, and the 
points of a towel clamp were introduced through the skin at the left sternoclavicular joint. The clavicle was 
seized firmly, as close to the sternal end as possible. Strong traction was made on the clamp, while the previ- 
ous manipulations were repeated by assistants. With a click, the clavicle moved back into its normal relation- 
ship to the sternum. Roentgenograms (Fig. 2) showed that the right and left sides were symmetrical. The 
sternal end of the clavicle could be palpated in its proper position. 

While both shoulders were held back, a well-padded plaster-of-Paris figure-of-cight dressing was applied 
to the shoulder girdle. The boy wore this for one month, and was ambulatory. At the end of that time the 
swelling had subsided, and the bony landmarks were normal in position and painless to palpation. He had 
full motion of the left shoulder joint. 


VOL, 31-A, NO. 4, OCTOBER 1949 








News Notes 


The American Orthopaedic Association will hold its Annual Meeting at Virginia Beach, Virginia, 
May 23, 24, 25, and 26, 1950. 





The Seventeenth Annual Meeting of The American Academy of Orthopaedic Surgeons will be held 
in New York City, February 11-16, 1950, with headquarters at the Waldorf-Astoria. 





The Seventy-seventh Annual Meeting of the American Public Health Association will be held in 
New York City, October 24-28. Meetings of related organizations will take place concurrently. The Hotels 
Statler and New Yorker are joint headquarters. 





‘Achieving Goals for the Handicapped” will be the theme of the Annual Convention of the National 
Society for Crippled Children and Adults, to be held November 7, 8, 9, and 10, at the Hotel Com- 
modore in New York. 


Alpha Chi Omega, national women’s sorority, has voted an additional grant of $10,000 to the 
National Society for Crippled Children and Adults, to continue a jointly sponsored scholarship program 
for training much needed professional personnel to work with the cerebral palsied. The $10,000, in addition 
to $15,000 already granted, will aid greatly in carrying the program through the next two years. 

Since the first awards were made in 1948, more than twenty-five scholarship grants have been provided 
to qualified physicians, physical therapists, and other specialists. When they have completed their scholarship 
study, these professional workers assist the National Society’s 2,000 state and local units throughout the 
United States, Hawaii, and Alaska, as well as other public and private agencies, in providing increased serv- 
ices for individuals with cerebral palsy. 

On July 6, 1949, a Testimonial Dinner was given to Dr. Leo Mayer, President of the Federation of the 
Handicapped, in honor of his sixty-fifth birthday, by his grateful friends and patients who have established 
the Dr. Leo Mayer Endowment Fund to perpetuate his work through the Federation, in establishing an 
institution where the handicapped are employed in a work-training program, are paid a wage, and produce 
merchandise which is sold nation-wide. The Federation is a rehabilitation agency where professional guidance 
is given and physical therapy practised under actual working conditions. Jobs are found for those who are 
made ready for them. Socially, regular entertainments, educational lectures, hobby clubs, and forums are 
conducted. In a word, the Federation provides a complete and thoroughly up-to-date rehabilitation program. 
Dr. Mayer has for the past five years served as President of the Federation. 


The National Council of the Kappa Delta Sorority has inaugurated a prize of one thousand dollars, 
to be given annually by The American Academy of Orthopaedic Surgeons, for the best research in 
orthopaedic surgery, performed during the year by an individual in the United States. The first award, for 
the year 1949, will be announced at the Seventeenth Annual Meeting of the Academy in New York, Febru- 
ary 11, 1950. Those wishing to compete for this prize may secure further information from the Chairman of 
the Award Committee for 1949, Dr. Walter Stuck, 1426 Nix Professional Building, San Antonio, Texas. 


LETTER TO THE EDITOR 


Orthopaedic surgeons who have bone banks available realize the tremendous advantage of obtaining 
suitable fresh cadaver material. To obtain the consent for this, one must carry out an educational program. 
A plan has been well worked out at a national level by the ophthalmologists in setting up eye banks. 

In many ways the cooperation of the institutions having bone banks may prove of inestimable value. 
An explanatory pamphlet could be published and distributed. A uniform consent blank could be used. 
Developments of technique could be shared. 

Walter P. Blount, M.D. 
324 East Wisconsin Avenue 
Milwaukee 2, Wisconsin 
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Book Reviews 


EssENTIALS OF OrTHOPAEDICS. Philip Wiles, M.S.(Lond.), F.R.C.S.(Eng.), F.A.C.S. London, J. and A. 

Churchill, Ltd., 42 shillings net; Philadelphia, The Blakiston Company, 1949. $10.00. 

In this outstanding volume of 475 pages, Mr. Wiles has concisely and clearly explained the present-day 
concepts of ‘‘the physiological and pathological basis of orthopaedics” and their “application to diagnosis 
and treatment’’. 

The book offers the graduate who is entering upon his surgical training, the undergraduate who requires 
classified information, and the general practitioner a ready means of finding himself in the vast field of 
orthopaedic surgery and of proceeding with his work with assurance that he has a sound foundation upon 
which to build. To teachers of orthopaedics the book will be invaluable. More than these, the mature surgeon 
may find in the Essentials much that will enable him to revise and broaden his viewpoint. 

Logically, the first chapter is devoted to gerferal considerations of the mechanics underlying the func- 
tions of the weight-bearing joints. The effects of postural and mechanical faults are stressed, and the im- 
portance of strain is thus emphasized at the outset. In the ensuing chapters the arrangement is regional to 
assist the student with diagnosis and to meet his need for information on pathology and treatment, classified 
in an orderly manner. Treatment requiring less highly specialized knowledge is described in detail; operative 
and other methods are given only in general terms. The importance of the patient’s cooperation is stressed 
throughout, and prognosis is discussed. Separate chapters are devoted to “ Pyogenic Infection”, ‘‘Tubercu- 
losis”, “Chronic Arthritis’, “Tumours of Bone’’, ‘“‘ Diseases and Congenital Defects of Bone”’, and “ Dis- 
eases of the Nervous System’’. 

While the essentials have been presented largely from the British viewpoint, the author has drawn freely 
from practices in other countries. This is especially true of American methods, from which he seems to have, 
in most instances, selected the best. 

The book reflects the high standards maintained in British publishing. The author’s presentation of the 
subject is thorough-going, but always concise and practical. The book in every way fulfills its high purpose 
and should long enjoy wide acceptance. The excellent illustrations include seven color plates and 365 text 
figures. 


INSTRUCTIONAL Course Lectures. The American Academy of Orthopaedic Surgeons. Walter P. Blount, 

M.D., Editor. Ann Arbor, Michigan, J. W. Edwards, 1949. $7.50. 

This volume of lectures, given in the Instructional Courses of The American Academy of Orthopaedic 
Surgeons in 1948, is the fifth in a series begun in 1943. The courses are primarily ‘“‘refresher”’, yet the reader 
of the Lectures will find he is kept abreast of the newer developments in the specialty in the wide range 
of subjects presented. Emphasis is placed on the practical. The subjects covered are those which the Pro- 
gram Committee found to be in greatest demand. 

The book is composed of fourteen chapters, each containing one or more carefully edited and compre- 
hensive lectures on the following subjects: ‘Vascular Tumors of Bone’’, ‘‘ Vascular Phenomena”’, ‘‘ Plastic 
and Hand Surgery”, “Internal Fixation of Fractures’’, ‘‘Surgical Tuberculosis in Children’’, “Acute In- 
fectious Hematogenous Osteomyelitis’, ‘Painful Hips in Children”, ‘Practical Foot Problems”’, ‘“‘Treat- 
ment of Congenital Club Feet”, ‘Surgical Approaches” (to the upper and lower extremities), ‘‘ Muscle 
Physiology’’, ‘‘The Surgical Treatment of Poliomyelitis”, ‘Scoliosis’, and ‘‘Low Back Pain”’. 

As in the preceding years of the Courses, the 1948 faculty is composed of a distinguished group of sur- 
geons who have excellently presented their subjects. The volume is well edited and prepared, for which great 
credit is due Dr. Blount. The illustrations are profuse and, in general, of good quality. Students, teachers, 
and practitioners of orthopaedic surgery will find the 1948 Lectures of great value. 

The preceding volumes of the Lectures were edited by Dr. J. E. M. Thomson, who was so largely responsi- 
ble for the inception and successful development of the Instructional Courses. These volumes reflect much 
that is important in the development of the art and practice of American orthopaedic surgery during the 
preceding five years. The first two volumes are in large part directed toward the problems of war-injury and 
reconstructive surgery; the third and fourth, which are complementary, deal with civilian surgery. Copies 
of these volumes are also available for those who wish to own the complete set. 


Tue Paratuyroiw GLANDS AND METABOLIC BonE DisEAsE. SELECTED Stupies. Fuller Albright, A.B., M.D., 
and Edward C. Reifenstein, Jr., A.B., M.D., F.A.C.P. Baltimore, The Williams and Wilkins Company, 
1948. $8.00. 

Research studies on calcium metabolism, carried out on the Metabolic Ward of the Massachusetts Gen- 
eral Hospital during a period of twenty-four years by many different investigators, form the basis of the 
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material presented by Dr. Albright and Dr. Reifenstein in their outstanding contribution. The advances 
made by the authors and by those associates, past and present, upon whose studies they have drawn, are pre- 
sented in a readable style, of sufficient clarity so that the book will be useful to students, yet on the basis of 
such experience as to make it valuable to physicians, particularly those interested in orthopaedic problems 
The text is amplified by many case reports and by excellent photographs, charts, and reproductions of 
roentgenograms, illustrative of the conditions under consideration. 

In addition to chapters on the parathyroid glands, hypoparathyroidism, and hyperparathyroidism, there 
is discussion of metabolic bone diseases, osteoporosis, osteomalacia, polyostotic fibrous dysplasia, and Paget’s 
disease. 

The authors state in their Preface: ‘‘. . . we are not content merely to present data; we attempt, where 
possible, to develop an hypothesis upon which to hang the observations. The hypotheses—it almost follows 
—are subject to change without notice.’”’ Thus not only does the reader have a presentation based upon 
work of exceptional value, but he is given the mental stimulation of an approach which invites interest 
in an ever-broadening field. 


SURGERY OF THE Hanp. Ed. 2. Sterling Bunnell, M.D. Philadelphia, J. B. Lippincott Company, 1949. $16.00. 

Surgery of the Hand, published in 1944, received high praise as a book of outstanding value. Dr. Bunnell 
has now revised and rewritten this book, incorporating his experience during the past five years. 

Changes have been made in many chapters. The author has developed many ingenious splints, and these 
are included in the section under “‘ Active Splinting’”’. New sections have been added in the chapters ‘“‘Skin 
and Flexion Contractures”’, ‘Bones’’, and “‘Joints’’. A new section on ‘Occupational Therapy for Crippled 
Hands”’ has been included. 

However, the greatest changes in the new edition are in Part Three, in the chapters on “Injuries 
of the Hand’’, and “Infections of the Hand’’. The many developments in the field of reconstructive surgery 
of the hand are reflected in this new book. 

As Consultant in Hand Surgery to the Surgeon General of the United States Army, Dr. Bunnell was 
closely in touch with the Hand Service in each of nine Army General Hospitals. Through these various 
Hospitals, he had opportunity to watch the reconstruction of about 20,000 hands. The experience in these 
Army Hospitals is shared with the readers of this new edition through the conclusions which he has reached 
as to the procedures to be followed in the treatment of injured hands. His definite convictions as to the 
methods of choice in various conditions are presented from the point of view of a teacher who has had unusual 
experiences which he wishes to share with his students and those who have had fewer opportunities to perfect 
themselves in this field of surgery. 

As the interest in surgery of the hand has increased in the last few years, particularly through the for- 
mation of the American Society for Surgery of the Hand, of which Dr. Bunnell was the first President, many 
surgeons have been called upon to treat hand injuries. 

Dr. Bunnell’s book wil! prove a valuable reference to all surgeons confronted with hand conditions, 
in the treatment of which se great care in the selection of the best procedure is required. 

The book is attractively presented; the illustrations are excellent. It is a book which most surgeons 
will wish to own. 


, 


Fuss unD Bern. InRE ERKRANKUNGEN UND DEREN BEHANDLUNG (Affections of the Foot and Leg and Their 

Treatment). 4 Auflage. Prof. Georg Hohmann. Miinchen, J. F. Bergmann, 1948. 

This new edition of the well-known text by Professor Hohmann will be welcomed by those who have used 
earlier editions, as well as by those who have only indirectly known its worth. 

The first edition of this book appeared in 1923, and this, as well as the two editions which followed, 
were dedicated by the author to his teacher in orthopaedic surgery, Geheimrat Fritz Lange. Recognizing the 
importance of his instruction in the natural sciences, in languages, and in other subjects preparatory to his 
profession, as well as the contribution of other branches of medicine to his special field, he has dedicated 
this fourth edition to his teachers, among whom Fritz Lange holds first place. 

Beginning with the form, structure, and function of the normal foot, the author takes up the various 
deviations from the normal,—congenital and acquired deformities of the lower extremity, their etiology, 
prevention, and treatment; as well as diseases affecting the joints, nerves, muscles, and bones, their diag- 
nosis and treatment, and their possible effect. on the function of the extremity. Trauma is also discussed, 
especially injuries received in sports. 

The excellent bibliography, classified under the different affections discussed, will be helpful to those who 
wish to locate the earlier references to these various conditions. It contains only a few references to articles 
appearing during the War, and obviously was prepared before the author had access to the Britieh and 
American literature of the past ten years. 

This book contains more than twice the number of text pages of the earlier editions. The number of il- 
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justrations has been increased to 450 and they are more attractively presented than in the previous editions. 
Both author and publisher are to be congratulated upon this revision, made at a time when its preparation 
must have been attended with great difficulties. 


British SuRGICAL Practice. Volume 5. Edited by Sir Ernest Rock Carling, F.R.C.S., F.R.C.P., and J. 
Paterson Ross, M.S., F.R.C.S. London, Butterworth and Company, Ltd., 60 shillings (25 pounds for 
the set); St. Louis, C. V. Mosby Company, 1948. $15.00 ($125.00 for the set). 

The Editors of British Surgical Practice, who have been releasing units of this eight-volume set at inter- 
va's since the first number appeared, late in 1947, have now completed Volume 5. Proceeding with the estab- 
lished alphabetical arrangement, this work begins with Hodgkin’s disease and concludes with lymphogranu- 
loma inguinale. In this portion of the alphabet are contained material on injuries and many sections dealing 
with joint disorders, including caisson disease, acute infections of the joints, internal derangements of the knee 
joint, and joint tuberculosis. Thus the present volume is of special interest to orthopaedic surgeons. 

Each volume in the series follows the same general pattern so that, for most conditions, the etiology, 
anatomy, pathological findings, clinical picture, differential diagnosis, treatment, results, and prognosis 
are presented. Each section has been carefully prepared by an authoritative worker in the field, and the 
series is living up to its early promise of being a valuable aid to the surgeon. 


HospitaAL TRENDS AND DEVELOPMENTS, 1940 To 1946. Edited by Arthur C. Bachmeyer, M.D., and Gerhard 

Hartman, Ph.D. New York, The Commonwealth Fund, 1948. $5.50. 

This book is a composite reflection of numerous writers in the hospital and public-health field, given 
cohesion and form by arrangement according to the various phases of an administrator’s activities and 
interests. (Incidentally, mention of hospitals and public health together is itself an expression of one trend.) 
The authors’ principal problems were to decide what the trends and noteworthy developments were and to 
select the articles in which they are set forth most clearly. Presumably they also exercised the editorial blue 
pencil here and there, but so skillfully that the marks do not show. 

They have done their work well. This could have been anticipated, as Dr. Bachmeyer is dean of the 
hospital administrators in the Chicago region, while Dr. Hartman is developing his skill as an administrator 
upon a background of several years of educational activity as Secretary of the American College of Hospital 
Administrators. 

Just what interest bone and joint surgeons will take in a book of this character is not clear, except that 
they all need hospitals in which to operate. There may be a few, however, who would like to get some of the 
background of today’s most argued medical question as it applies to hospitals. This comes in the first part 
of the book. The rest will probably be attractive mostly to hospital administrators, for whom the book was 
really intended. Students of this specialty will find it interesting and instructive, a good adjunct to their 
seminars and field trips. Practitioners are likely to find some of the articles familiar, but they are worth read- 
ing again. There is a chance of discovering some things not seen before, as the authors have gleaned beyond 
the field ordinarily reaped by a reader of strictly hospital publications. 

As the title suggests, this is, for the most part, a series of explanations, discussions, and advice, rather 
than the sort of detailed direction for setting up departments and putting them into operation which made 
Dr. MacEachern’s textbook so useful. However, most of the things a hospital administrator does and thinks 
about in his multiple role of architect, accountant, attorney, clergyman, credit expert, economist, educator, 
engineer, laundryman, publicist, restauranteur, crystal gazer, and sometimes physician, are represented by 
at least one article. 

As samples, take this reviewer’s favorite exposition of the proper duties and the value of a medical 
social-service department, the discussion of work suitable for nurse aides, and the late Dr. Joe Clemmons’ 
account of how he saved the Roosevelt Hospital a lot of money by doing over his !sundry with new ma- 
chinery. This array of writers exhibit many styles with only the fictional narrative form missing, but each 
of them has treated his subject with the care that only personal interest in it could produce. 

A book of this kind should not be read rapidly. He who takes it a little at a time, stopping to digest 
each bite before taking the next, will find himself nourished and sustained. 


Deep MAssaGE AND MANIPULATION ILLUsTRATED. Ed. 3. James Cyriax, M.D., B.Ch. (Cantab.). London, 

Hamish Hamilton. Ltd., 17 shillings, 6 pence; New York, Paul B. Hoeber, Inc., 1948. $5.00. 

This book is written to instruct student and graduate physical therapists in the technique of massage. 
The type of massage described is considered more or less specific for the condition commonly known as 
“fibrositis”. Photographs show the posi‘ion of the patient and of the therapist’s hands for each area of the 
body. The description accompanying each plate serves as a detailed prescription for the technician, 
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Most physiatrists in this country would doubtless emphasize the combined use of other agents in their 
prescriptions, such as heat in various forms and active exercise. The amount of pressure, the range of move- 
ment, and the duration of the treatment are still only approximately indicated, and are part of the art of 
physical therapy. Physicians should be interested in these methods of treatment and will be intrigued by the 
good results almost uniformly reported. Acceptance of the diagnosis of ‘‘fibromyositis” is essential for uti- 
lization of these procedures. 

Those familiar with the previous edition of this book will find little change other than a few mere photo- 
graphs; these are uniformly of good quality, as is the type and paper. 


FRACTURES AND ORTHOPAEDIC SURGERY FOR NURSES AND Massrvuses. Ed. 2. Arthur Naylor, Ch.M., M.B., 

M.Se. (Sheff.), F.R.C.S. (Eng.), F.R.C.S. (Edin.). Edinburgh, E. and 8. Livingstone, Ltd., 17 shillings, 

6 pence; Baltimore, The Williams and Wilkins Company, 1948. $5.00. 

This book of 296 pages, divided into fourteen short chapters, is intended to introduce nurses and mas- 
seuses to the more common fractures and orthopaedic conditions. It is brief and concise, and contains many 
illustrations of apparatus, instruments, techniques, and clinical cases which would be helpful for students 
and nurses. 

This publication, however, doe. not diifer from the many small textbooks on fractures and orthopaedic 
conditions which have preceded it. As its readers will be chiefly nurses and masseuses, the approach to 
fractures and orthopaedic preblems is presented from their point of view. However, the book could have 
been made more useful to nurses by placing more emphasis upon specific problems of nursing care, and to 
masseuses by more detailed instruction in the problem of rehabilitation as related to each type of injury. 
Space is alictted for this, but it seems inadequate for a book of its type. 

The reader will receive a general, but limited, review of the recognition and treatment of orthopaedic 
conditions and fractures. 


Finat Resuurs or OSTEOSYNTHESIS OF FRACTURES OF THE FEMORAL NECK AD Mopum SVEN JOHANSSON, 

A Srupy or a Ten-YeEarR Mareriay. Gunnar Odén. Acta Chirurgica Scandinavica, 96: Supplementum 

131, 1947. 

The author analyzes the results of treatment of 314 fractures of the upper portion of the femur, using 
a cannulated Smith-Petersen nail, inserted as fixation with roentgenographic control. This group comprises 
59 per cent. of all upper femoral fractures treated at the Sahlgren Hospital, Gothenburg, from 1932 to 1941. 
They represent a thorough reinvestigation of the results obtained by Sven Johansson. 

The 314 fractures of the femoral nek were distributed as follows: 248 varus fractures; 44 valgus frac- 
tures; 18 intertrochanteric fractures; and 4 pertrochanteric fractures. 

Traction, with the affected leg in external rotation and extension, was used for about a week before op- 
eration. Local anaesthesia with ether was used generally and, in most cases, reduction was achieved by 
simple internal rotation just before fixation. When difficulty of reduction was encountered, ordinary traction 
was resumed for a week or so, and repeated attempts at manipulative reductions were avoided. There was a 
mortality of 8 per cent. 

Most of the patients were kept in bed for four weeks after operation. Redislocation after reduction oc- 
curred in 66 of the 314 cases. A follow-up study of the whole group was not possible; but, from his study of 
those cases available, the author inferred that valgus fractures heal easily, and that, among varus fractures, 
those fixed in valgus are least likely to lose position, and those fixed in varus are most likely to lose position. 

Odén felt that, in addition to the circumstance of position of fixation, technical deficiencies of the op- 
erative procedure were most important in producing loss of position, and that early weight-bearing was not 
the cause of loss of position. 

Re-nailing was done in thirty-eight cases. Of those available for follow-up, non-union, loss of position, 
and head necrosis were much more frequent than in the entire group. Bone-grafting with re-nailing was em- 
ployed only twice, and each time unsuccessfully. 

Of the whole group, 144 neck fractures were submitted to re-examination at least three years after nail- 
ing. Seventy per cent. were considered to have had good results; 10 per cent. were “less good’’; and 20 per 
cent. were bad. 

Pseudarthrosis occurred in 10.8 per cent. Some head necrosis was present in 38.4 per cent., with joint 
deformity in nine out of ten of these; 24.7 per cent. had neck resorption. Slipping of the nail was evident 
in 44 per cent. 

The author considered ‘}:at necrosis of the head, the most frequent cause of bad results, was a vascular 
phenomenon not influenced by the presence of a metal nail. Swedish stainless-steel nails, used during the 
latter five years of the period, were non-corrosive and satisfactorily strong. 

The observation was made that symptoms from arthrosis following head necrosis often diminished 
greatly after two or three years. 
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AFFECTIONS MEDICALES ET CHIRURGICALES DU PIED. Raphaél Massart. Paris, G. Doin et Ci*, 1948. 470 
francs. 

The author’s intention to give a simple description of lesions of the foot, mainly for general practitioners, 
is well accomplished in this 150-page book with forty-four drawings. Each of its thirteen chapters contains a 
complete and vivid description of foot conditions. 

The author should particularly be commended for allotting considerable space to ‘‘minor”’, but impor- 
tant, foot problems, such as corns and plantar warts. His painstaking description of the corn, however, 
fails to bring out the importance of the bony prominence superficial to which the corn usually is formed. 
Consequently, smoothening of the bone by removal of these prominences with primary closure of the wound 
would seem to be preferable to the incision over the corn down to the bone which he ‘eaves open to granulate. 

Calcaneal spurs are blamed for symptoms in painful heel, although the author udmits the existence of 
painful heel due to some “‘mysterious cause” without the presence of spur. His emphasis upon the removal 
of spurs may be somewhat too radical, as the majority of these cases are relieved by padding and plates. 

Intermittent claudication, one of the most important di: gnostic features of arterial occlusion, is not 
mentioned. He speaks only of gangrene of three types: (1) endarteritis sclerotica, (2) thrombo-angiitis ob- 
literans, and (3) diabetic endarteritis, without stating that in the majority of these cases the course is quite 
benign without even the formation of an «lceration. 

Congenital division and fracture of the sesamoids of the big toe are not differentiated, and removal of 
the sesamoids advocated by che author may be avoided in most cases. 

he author is justly opposed to the Hueter-Mayo operation for hallux valgus, as it deprives the foot of 
its important medial weight-bearing point. He advocates Hohman’s type of wedge resection of the first 
metatarsal neck, combined with passing a strip of fascia lata surrounding in garier-like fashion the metatarsal 
necks. ‘This operation he performs in two stages. 

Similar passing of the fascia lata or a kangaroo tendon around the metatarsal necks is advised as the best 
procedure for treatment of Morton’s type of neuralgia. The existence of plantar neuroma, described by 
American authors, is mentioned simpy in a footnote. 

Club-foot is held to be a consequence of a vicious position in the uterus. Gradusi manipulation without 
anaesthesia, or redressement forcé with anaesthesia, both followed by immobilization, have given the author 
good results. He obviously has no knowledge of Kite’s method, and mentiors Denis Browne splints only in 
a footnote. 

A good morphological description of different forms of flat-foot is given, but no theories as to its etiology 
are offered. Corrective plaster casts or manipulation under anaesthesia are used, followed by immobilization 
in plaster, together with general treatment (calcium phosphate, arsenic, and hypophyseal extract). Whit- 
man’s type of plates are advised. Among many operative procedures for flat-foot, the author obtains the best. 
results by simply resecting the head of the talus. 

In tuberculosis of the talus, early and complete astragalectomy, before the formation of sinuses, is 
strongly advocated. Tuberculosis of the tarsal bones may be treated conservatively in children; most adults 
eventually require amputation. 

The author has been unable to confirm the good results published in America following fusion of the 
ankle, with the use of tibial grafts, and is opposed to this method. 

In the last chapter, on amputations of the foot, Ricard’s operation, consisting of disarticulation through 
the Chopart line combined with astragalectomy, is preferred to the Syme amputation as it preserves the 
weight-bearing heel. 

On the whole, the book is brief and comprehensive. It reflects a wide and well-digested experience on the 
part of the author, and should form a significant addition to the libraries of French-speaking general prac- 
titioners. 


CLINICAL ASPECTS AND TREATMENT OF SuRGICAL INFecTIoNs. Frank Lamont Meleney, M.D. Philadelphia, 

W. B. Saunders Company, 1949. $12.00. 

This is a fitting companion-piece to the author’s Treatise on Surgical Infections, published in 1948. The 
earlier volume dealt with the fundamental principles underlying the entrance and spread of bacteria in the 
body, and the mechanism of defenses of the body against infection. The present volume deals with the sur- 
gical and chemotherapeutic measures which may be utilized to control infection. 

The eighteen chapters are arranged to cover infections of every anatomical area, and are illustrated 
by numerous well-written case reports from the records of the Columbia-Presbyterian Medical Center. 
There are also 276 well-chosen illustrations. An excellent bibliography follows each chapter. 

Dr. Meleney has enlisted the aid of his former residents to cover certain subjects. Thus John 8. Lock- 
wood has written the chapter on “Physiological Consideration in Surgical Infection’, Harold D. Harvey 
has contributed the chapter on “‘Surgical Infection of the Peritoneum’’, and a chapter on “Surgical Infections 
in War Wounds” is divided between Alfred B. Longacre and William R. Sandusky. 

The treatment exemplified covers both the period before the advent of the sulfonamides and the pres- 
ent. A detailed account of the usefulness of penicillin, streptomycin, and bacitracin is given wherever appro- 


VOL. 31-A, NO. 4, OCTOBER 1949 








886 BOOK REVIEWS 


priate, and the course of an infection is compared by means of case reports as it occurred with each method 
of trez.tment. 

This volume contains the latest information on surgical infections, and will probably remain authorita- 
tive for an indefinite period of time, subject to newer forms of therapy. No surgeon, general practitioner, or 
medical library can afford to be without it. 


MALADIES DU SQUELETTE (Diseases of the Skeleton). Lucien Leger, R. Ducroquet, et Henry Leger. Paris, 

Masson et Cie, 1949. 1,200 francs. 

By The title of the book may suggest a treatise on diseases of the skeleton in general; however, the text 
actually consists of a few of the important, but less known, entities affecting the skeleton. Albright’s syn- 
drome and affections which may be classified in this group; isolated xanthomatoses; lipoid granuloma with- 
out cranio-hypophyseal involvement; eosinophilic granuloma of bone; osseous lesions of von Recklinghau- 
sen’s neurofibromatosis; melorheostosis; Milkman’s disease; essential osteolysis; and myeloma are the sub- 
jects of this book. 

The choice of these pathological entities was not accidental. Although some of them are obviously not 
interrelated, others have doubtless a common anatomicopathological basis. Thus, alongside the symptomatic 
group of Hand-Schiiller-Christian diseases may be placed the xanthomatoses. Albright’s syndrome may, 
perhaps, be found related to a series of osseous involvements associated with cutaneous dyschromia, present- 
ing a transition to the bone manifestation of von Recklinghausen’s neurofibromatosis. 

The organization of the book is excellent; it is replete with useful information, many illustrations, and 
followed-up case histories, and represents a complete, lucid, and live analysis and description of these patho- 
logical conditions. It has extensive bibliographical references. 

The orthopaedic surgeon who reads French will find it a valuable addition to his library. 


SURFACE AND RADIOLOGICAL ANATOMY FOR STUDENTS AND GENERAL PRACTITIONERS. Ed. 3. A. B. Appleton, 
M.A., M.D.(Cantab.); W. J. Hamilton, M.D., D.Sc., F.R.S.E.; and G. Simon, M.D., B.Ch., D.M.R.E. 
(Cantab.). Cambridge, England, W. Heffer and Sons, Ltd.; Baltimore, The Williams and Wilkins Com- 
pany, 1949. $9.00. 

In this, the third edition of Surface and Radiological Anatomy, the text has been revised and new plates 
have been introduced to bring the work up to date. The authors have added the roentgenographic approach 
to the usual study of anatomy. By extensive use of illustrations, they have coordinated roentgenographic 
anatomy with those features which can be determined by external examination, as well as with the details 
which can be determined only by dissection. Proper emphasis is placed upon individual, anatomical, func- 
tional, and postural variations which alter the position of organs in relation to surface and other landmarks. 
Thus an excellent contrast is obtained between the living subject and the cadaver. 

The text is well arranged and the type is well chosen. The first section deals with “General Anatomy 
and Methods”. Subsequent sections are devoted to ‘‘The Upper Limb”, ‘‘The Chest and Back’’, “ Abdo- 
men’’, ‘‘Head and Neck’’, “The Vertebral Column”, and ‘‘The Lower Limb’. The Appendix contains 
tables with data on ossification and on segmental innervation of muscles. A fairly complete index is included. 

The text includes brief sketches of bones, muscles, joints, nerves, vessels, and organ-structure relation- 
ship and action, with correlation of superficial and roentgenographic landmarks. Interesting techniques are 
interpreted, and so are hints of occasional pathological processes, to add interest. 

The illustrations consist of photographs of live models, frequently coupled with a schematic anatomical 
dissection or with superimposed diagrams. The descriptive captions are excellent. The terminology is simpli- 
fied and is that in common usage. The roentgenograms (the authors prefer the term skiagram) are numerous, 
demonstrating the positions and structures under discussion. The joint studies are excellent, and are corre- 
lated with the text through a description of muscle action. Most of the osteology is presented by the roent- 
genographic method, and includes reference to and illustrations of bone and joint development. Diaphrag- 
matic action is demonstrated, as are the organs which can be outlined by contrast media. This introduces, 
under suitable headings, examples of interesting roentgenographic techniques, such as tomography, kymog- 
raphy, bronchography with studies of the bronchial and lung divisions, myelography, encephalography, and 
angiography, as well as the more common roentgenographic diagnostic procedures. 

The authors seem a little modest in designating this book ‘‘For Students and General Practitioners”. 
Its concise and systematic fashion of presentation makes for easy reference. In the 330 pages are incorporated a 
mass of related information which could be put to use by most physicians, 
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CONFERENCE ON POST-GRADUATE EDUCATION 
IN ORTHOPAEDIC SURGERY* 
INTRODUCTORY REMARKS 


By A. R. SHanps; Jr., M.D., Wiumineton,. DELAWARE, Chairman 
Alfred I. du Pont Institute cf the Nemours Foundation :' 


In 1944, The American Academy of Orthopaedic Surgeons and The American Orthopaedic Association ° 
appointed a six-man Joint Committee on Post-Graduate Training, with Dr. Ralph K. Ghormley .as Chair- 
man. (Members representing The American Academy of Orthopaedic Surgeons are Joseph S. Barr, M.D., » 
Ralph K. Ghormley, M.D., and J. Spencer Speed, M.D. Members representing The American Orthopaedic 
Association are Fremont A. Chandler, M.D., Paul C. Colonna, M.D., and Philip D. Wilson, M.D.) In 1946, 
I was added to the Committee as a seventh member and was made its Secretary. The first objective of 
this Committee was to increase the facilities for orthopaedic training, in order to provide for the medical 
veteran desiring to become a qualified orthopaedic surgeon. This was accomplished by reviewing the ap- 
proved training services in the United States, asking that as many of these as possible increase the number of 
residents, and recommending the establishment of new training services in hospitals and clinics without ap- 
proved training, but with the necessary facilities and staff. 

In two years’ time the number of training services was increased from approximately 79 to 238, and the 
number of residents from 253 to 726. The American Medical Association and The American Board of Ortho- 
paedic Surgery had previously agreed to grant temporary approval to all of the new services recommended 
for approval by this Joint Committee. In the fall of 1948, twenty-eight orthopaedic surgeons visited these 
238 services, reviewed the training, and submitted reports. These reports resulted in the changing of the 
types of approval of approximately fifty services. Following this review of orthopaedic training, it was de- 
cided that the next work of the Committee should be a conference on the methods and types of post-graduate 
education. The Conference today is the result of this decision. 

The last report on residencies in the Journal of the American Medical Association for May 14, 1949, lists 
257 hospitals with approved training in orthopaedic surgery. These hospitals have 787 available orthopaedic 
residencies, which are approved as follows: for adult. work, 195; for children’s work, 110; for fractures, 110; 
and for basic sciences, 110. 
») In the survey of 262 hospital services in 1947, information was obtained on the questionnaires (Question 
21) concerning the responsibility of the orthopaedic service for fractures, osteomyelitis, et cetera. This in- 
formation, which has never been published, is thought to be most appropriate to present at this Meeting. 
It is as follows: 

Question 21. Is the orthopaedic service responsible for: 


Not Total Answering 


Wholly Partially at all Question 
1. Fresh fractures........... Doe ALO oe 198 (83.5%) 35 13 237 
2. Acute osteomyelitis and pyogenic arthritis . .. 230 (91%) 18 5 253 
3. Soft tissue of extremities... .. . 185 (51%) 98 29 262 
4. Peripheral-nerve injuries. ..... ihessescs 65 93 229 
5. Acute poliomyelitis... . Beads seascccuss MOG) 31 53 193 
6. Amputations....... .. 127 (54.38%) 86 21 234 
7. Surgery of the hand..... (isdcesjacined ees re 86 31 233 


What is the objective of resident training? It is to create an orthopaedic surgeon: (1) who has surgical 
skill and judgment,—that is, one who is good with his head as well as his hands; (2) who has a curiosity for 
the unknown and a desire to improve the known; (3) who has an understanding for the patient as a whole and 
his restoration to normal or as nearly normal living as possible; (4) who has a full appreciation of where the 
orthopaedic surgeon fits into the general scheme of medical practice; and (5) who will develop into a leader 
in his medical community. If this type of orthopaedic specialist is created, the training is well done; and it 
is the wish of your Chairman that there will develop in the discussions this afternoon the formula for training 
which will result in just this type of doctor. 

There is definitely no one best method of resident training, but there is undoubtedly a better method 
or an improved method for every training service. Out of this Conference it is hoped will come an improved 
pattern of training for each of the 257 approved hospital services. At the Conference held last year on Un- 

* Conducted at the Annual Meeting of The American Orthopaedic Association, Colorado Springs, 
Colorado, May 18, 1949. 
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dergraduate Education, Dr. F. H. Arestad of the Council on Medical Education and Hospitals of the American 
Medical Association stated that, while a model plan can be developed as a guide, “it should not be developed 
as a fully standardized plan, because you can never really standardize teaching itself”. We shall try this 
afternoon to develop the ideas for a model plan, but definitely with no thought of attempting to standardize 
this plan. This model plan then can be used by the hospitals and clinics as a guide, in order that the same 
general pattern of training may be received by all orthopaedic residents. 

Before calling on the first speaker, the Chairman wishes to express a word of appreciation to our Board, 
which has done so much for our present training program. This, through its past President, Dr. Guy A. 
Caldwell, and its members, has stood for high standards of training. Requirements for training have been 
laid down, particularly for the basic sciences, which may have seemed to some to be too strict and perhaps 
unnecessary, but there is no doubt that, although these requirements may have worked a hardship on a few, 
they have resulted in the best orthopaedic training for the greatest number. This cannot help but result in 
better orthopaedic practice throughout the nation, and in time to come will create more solid ground for 
orthopaedic surgeons to stand upon. We all owe a debt of gratitude to our Board for what they have ac- 
complished for the specialty, and I wish to express to the Board particularly the thanks and appreciation of 
the Post-Graduate Training Committee. 

In the preparation of the program, an attempt has been made to have all direct and indirect phases of 
training presented. We are to hear also from those representing the Board, the American College of Surgeons, 
and the American Medical Association. It is regretted that time will not permit everyone to speak who has 
something to add. 





A PROGRAM FOR TRAINING IN ADULT ORTHOPAEDIC SURGERY AND FRACTURES 


By Aan DeForest Smiru, M.D., New York, N. Y. 


New York Orthopaedic Hospital 


The title implies that the service is limited to adults, but it is preferable when possible to include chil- 
dren, in order that complete training may be given in one institution, without sharply dividing the cases. 
The organization of the service will depend upon a number of factors, one of which is the size of the hospital. 
If possible, it is preferable to segregate the fracture cases in separate wards. This facilitates their treatment 
and leads to better results. The fact that they frequently are emergencies and that special equipment is 
necessary create special problems which set them somewhat apart from the usual orthopaedic cases. This 
does not mean that a separate fracture staff is necessary, for in fact it is better that the staff rotate in the 
care of the two groups. 

The minimum period of training for residents in order to satisfy the Board requirements is six months 
for fractures and one year for adult orthopaedic surgery, but those who wish to limit their training to adults 
are obliged to spend an additional year on such a service instead of one year with children. This is apt to cause 
some complication in the organization of the residency. At the New York Orthopaedic Hospital we have a 
three-year program, which is set up as follows: The first year, the assistant resident is on an orthopaedic 
service for both adults and children. The second year, six months are devoted to the study of basic sciences 
and six months to fractures. We purposely have deferred the basic-science period until the second year, 
because we believe that there then will be a better understanding of what is needed and a better appreciation 
of the courses. The third year is spent as a fellowship, during three months of which each man is senior 
resident. For the remainder of the year he works in the Out-Patient Clinic and in the operating room, and 
attends rounds and conferences. 

Thus there are twelve men always in training, with two completing their service each six months. 
*«Each man is assured of receiving his minimum of three years of training without the possibility of being 
dropped at the end of the first or second year, as happens in the pyramidal system, in which one resident 
serves for a year or more. Opportunity for continued training for those showing unusual aptitude is offered 
in the form of a limited number of senior fellowships. These fellowships also are of great advantage to the 
Hospital, in enabling it to obtain the services of men who have had a residency in another hospital and who 
wish to spend an additional year in this Clinic. We find that the residents bring with them many new ideas, 
and help to give us a broader point of view. 

Education in the resident stage is best carried out by practical instruction at rounds, conferences, staff 
meetings, and in the operating room and clinic. Some more formal mode of instruction seemed advisable, 
however, and, after trying various methods, we have decided upon a series of seminars each year, con- 
ducted by various members of the staff. These are informal and are carried out by the method of questions 
and answers, rather than as didactic lectures. The residents and fellows are expected to do some reading in 
preparation for them and to be prepared to enter intelligently into the discussions. 
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In addition to somewhat extensive instruction in pathology, given during the basic-science period, 
pathological conferences are held weekly. During the second year, in addition to the study of the histology 
of bone tumors, the men attend a weekly bone-tumor clinic at the Memorial Hospital. Regular conferences 
are held several days a week with the roentgenologist, at which the current films are discussed. Additional 
practical instruction in roentgenology is given during the basic-science period, and includes positioning of 
patients. 

During the first year the assistant residents attend the out-patient clinics as much as possible; but the 
major part of this experience is gained during the third year, when they are not restricted as closely by ward 
responsibilities. We regard this as one of the most important parts of the entire program, and feel that too 
much time cannot be spent in this phase of the work. In addition to the general clinics, there are special ones 
dealing with scoliosis, club-foot, arthritis, neurology, and back conditions. Each man, by rotation, partici- 
pates in these special clinics at some period during his training. 

Each man is required during his three-year period to carry out some clinical investigation or research 
project and to prepare a report, to be read at a staff meeting. Biographical sketches of important figures in 
the history of orthopaedic surgery are prepared by the members of the resident staff, and usually one is 
read at each monthly staff meeting. Some excellent papers have been written, which have been stimulating 
to seniors and juniors alike. 





THE IDEAL CURRICULUM IN CHILDREN’S ORTHOPAEDIC SURGERY 


By Wituram T. Green, M.D., Boston, MassacHUSETTS 
Children’s Hospital 


The essentials for a training program in children’s orthopaedic surgery are: 

1. Sufficient diversified representative clinical material; 

2. Capable orthopaedic surgeons in the children’s field to spend sufficient time in teaching the men 
who are in training. 

The training program must be adapted to local situations, so that an ideal curriculum is difficult to dis- 
cuss. What would be ideal in one situation would not be ideal in another. However, certain comments may be 
made regarding an ideal plan of training. I would not, by choice, call it a curriculum, which I do not believe 
graduate training should be. 

In general, I believe that the best type of training represents an evolution from the apprentice system, 
in which, in effect, the apprenticeship is to a hospital service with all its attendant diversification rather 
than to one individual. Essentially, the institution should be centered about the problems as they arise on 
the service. Ordinarily, the problems presented by the patients, singularly and in the aggregate, serve as the 
axis about which training revolves. Progressive responsibilities and experiences should be given the trainee, 
as he is ready to receive them. Didactic lectures should be minimal, although, when judiciously used, they 
may have a place. On the other hand, conferences and exercises in which the trainees participate are valuable, 
and form an essential part of any program. 

Certain specific comments may be made under appropriate headings: 


The Hospital in the Training Program 

As previously indicated, the first requirement is that the hospital engaged in the training program 
must have a sufficient number of patients, representing all types of orthopaedic problems at all ages during 
the period of growth. It should have large out-patient clinics, not only to give experience in the types of prob- 
lems which are presented in such a clinic, but also to allow continued observation of patients who have been 
discharged from the in-patient division. 

Ideally, a children’s orthopaedic service is best located in a hospital which is concerned with all types of 
pediatric problems, both medical and surgical, although at all times the orthopaedic service must maintain 
its autonomy. Such a relationship is valuable from the standpoint of consultation with the various services. 
It is likewise an advantage for the hospital to be a participant in undergraduate teaching and graduate 
teaching in other specialties. By contact with all divisions, and in particular with the residents in training 
in other specialties in pediatrics, the trainee develops a breath of approach to the problems of childhood 
which might otherwise be missed. 


Residency Assignments and Rotation 

A service employing one resident is at a great disadvantage. This can be compensated for in part by 
the visiting orthopaedic surgeon spending an inordinate amount of time with each resident in turn. It is 
preferred to have at least two residents on a junior-senior relationship, both in time of service and experience. 
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A service that requires a larger number, however, is much more desirable in that it permits a natural suc- 
cession of duties by the so-called “staggered system” of appointments, and provides for a better discussion 
group. A large part of the effective teaching of a trainee is by those residents who are senior to him in the 
rotation. 

The timing of the training in children’s orthopaedic surgery in relation to the total program may vary. 
There is much to be said for a rotation through children’s orthopaedic surgery at the start of the clinical 
training. Under such a plan, it is essential to have, in addition, a senior resident or residents on the children’s 
service who have completed at least two years of training. Such senior residents have a teaching function and 
are prepared to receive senior surgical experience. We prefer to have a chief resident who has completed three 
years of training and is prepared for a position of great responsibility. 


Organization 


The organization of the visiting staff or attending surgeons must vary according to local circumstances. 
It is preferable in most hospitals to have several visiting men who have periods on house service and off 
service. This gives diversity to the teaching program, but continuity must be maintained by the orthopaedic 
surgeon-in-chief. 

Out-patient clinics should be attended by visiting men who consult and advise. The major activities of 
the clinics, however, should be performed by the resident staff. 

Clinics integrated toward particular conditions are often desirable. They may be assigned to a particular 
visiting man, who has this as a special interest. Such an arrangement provides for a continuity of care, con- 
centrates thought, and leads to productive activity. It provides an excellent teaching medium. 

The organization of the house staif should be such that each man progresses from position to position, 
each with increasing responsibility. The men in training must do the work; observation has limited value. 
Surgery in the trainee’s mind represents the ‘‘cream’’, and this should be considered in defining the duties 
of the various positions. 

The teaching of surgery must be well supervised. Training should evolve through assisting, performing 
operative procedures assisted by a competent teacher, with progression to more independence as a senior 
resident. A man cannot learn surgery unless he does it. 


Rounds and Conferences 


Formal rounds should be conducted by the chief-of-service at least once a week, at which all members of 
the visiting staff and house staff are present. This may well be an amphitheater exercise. Cases should be 
presented by the house staff, and discussed by the house staff and the visiting staff. The residents must be able 
not only to present cases well, but also to give their ideas and to discuss the problem. 

“Resident rounds”’, including the visiting staff and residents, should be made daily with all residents in 
attendance. The senior visiting men on service should be present for about one-half of the time devoted to 
these rounds. They should see the patients, discuss all problems, and consider new admissions. 

Chief-of-Service-Resident Meeting: The chief-of-service should have a weekly meeting with the resident 
staff, both for discussion of administrative problems and to consider any question brought up by the resi- 
dents, whether about a patient or not. 

Regular Seminars: These should be diverse in character. They should include a presentation of papers 
prepared by members of the house staff. Ideally, each resident should have a research project for investiga- 
tion and report. Journal reports may occupy some of the exercises, as well as talks by various members of 
the orthopaedic visiting staff or by men in various fields. X-ray conferences may occupy certain of the 
periods. The chief resident may be made responsible for arranging the exercises. 

Orthopaedic Pathological Conferences and So-Called Basic-Science Activities: Pathological conferences 
should not be restricted in their material and should, as indicated, include such aspects as pathological physi- 
ology and biochemistry. It is our opinion that teaching in basic science during the children’s training is 
best integrated with the clinical problems as they arise. The orthopaedic surgeon should be capable of 
participating in such instruction, with the consultants in the appropriate fields. A special orthopaedic lab- 
oratory, staffed with a director and research fellows, is very desirable, in that almost automatically there is a 
free interchange between the laboratory and clinical groups. 

Combined Conference: A regular weekly exercise, participated in by all of the services concerned with 
children, is valuable. Each service presents a case for general discussion. 

All trainees should be encouraged to attend the general pathological conference of the hospital. 

Follow-up Clinics: Particularly desirable exercises are follow-up clinics, which are attended by all 
visiting men and residents. For these, various groups of patients are recalled for end-result observations, 
thus allowing the trainees to observe the results obtained from various types of procedures. 

These exercises and comments have been listed to convey the types of activities which may go into a 
well-rounded training program in children’s orthopaedic care, but again it should be emphasized that the 
program in its detail must be adjusted to its environment. The essentials still remain: adequate clinical 
material and stimulating teachers who spend time in teaching. 
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THE IDEAL CURRICULUM FOR BASIC-SCIENCE INSTRUCTION IN ORTHOPAEDIC SURGERY 


By Guy A. Catpwe.i, M.D., New Orteans, LovistaNa 
Tulane University 


In the course of graduate training for orthopaedic surgery, review of those portions of the basic sciences 
which are related to orthopaedic surgery is of fundamental importance. A thorough knowledge of the anatomy, 
pathology, and physiology of the musculoskeletal system is essential for a comprehensive diagnosis of the 
lesions encountered, and an equal understanding of bacteriology and biochemistry is required for efficient 
treatment of the patient and his impaired function. 

Ideally, this basic-science knowledge should be acquired with each new orthopaedic condition that is 
encountered. It is a generally accepted principle of medical teaching that, as the student learns to recognize 
the clinical picture of a lesion in a given patient, he will retain this knowledge best if he immediately re- 
views the entire background of the problem presented. Such a review includes detailed examination of the 
anatomy of the parts involved, the pathological and histological alterations commonly observed, and the 
physiological changes encountered. If infection is present, or if the metabolism is altered, the student should 
consult the medical literature and study the laboratory techniques in bacteriology and biochemistry, in 
order to direct measures of treatment intelligently. 

In the ideal curriculum, therefore, anatomical and pathological specimens should always be available 
for dissection, and free access should be had to consultants in physiology, bacteriology, and biochemistry, so 
that the student may discuss with them the problem in hand. This would enable the student to see the com- 
plete picture of the lesion, and thus to understand more intelligently the progress in treatment. The impres- 
sion gained would then be indelible, and each similar problem encountered, with its minor variations, would be 
readily associated with the first one and equally well retained. 

Such an ideal plan requires: 


1. A limited, but varied, number of patients with orthopaedic problems; 

2. Availability of anatomical and pathological material, adequate library facilities, and competent 
instructors or consultants in physiology, bacteriology, and biochemistry; 

3. Sufficient time free from routine hospital duties to enable the student to de the necessary dissections 
and other studies. 

However ideal such a plan of instruction may be, it obviously is impractical in view of the obligations 
of a resident to the hospital and in the care of patients assigned to the orthopaedic service. It is likewise 
impossible for graduate schools to provide instructors who can be available at all times to assist the student 
with problems in physiology and biochemistry. Nevertheless, close integration of a broader knowledge of 
the basic sciences with the clinical care of the patients should be the working principle. 

Hospitals with orthopaedic services approved for three years of training, which are connected with 
medical schools, can most nearly approach this ideal plan of integrating the basic-science instruction with the 
clinical care of patients. The medical school should have at least the potentialities for anatomical and 
pathological specimens for dissection; there probably are adequate library facilities; and usually instructors 
in physiology, bacteriology, and biochemistry, who can be prevailed upon to assist in the solution of ortho- 
paedic problems. However, the mere existence of such facilities and consultants will not guarantee their 
accessibility to the student. There must be an organized plan for the student to follow, an interest and stimulus 
to prompt him to seek the knowledge, and sufficient time for him to acquire this fundamental background. 

The general plan for the trainee to follow should be formulated by the orthopaedic staff in conferences 
with teachers of the basic sciences. The interest and stimulus must be furnished by the staff, who, on ward 
rounds, at conferences, and in the operating rooms, take every opportunity to review the fundamental 
background of each case discussed. The time to be allowed residents and fellows must be arranged by agree- 
ment with hospital authorities, and must not be confined to evenings off duty and holidays. 

It is important that all biopsies and specimens removed at operation be reported in detail at staff con- 
ferences; it is helpful for the surgeon to identify the anatomical structures encountered in making an opera- 
tive approach, and to demonstrate to his assistants the gross pathological changes revealed through this 
exposure. Review of roentgenographic and laboratory findings and discussion of the difficult cases in con- 
ferences supplement the basic knowledge of the graduate students. However, if these are the only oppor- 
tunities in the basic-science phases of orthopaedic entities, the students will be woefully lacking in many 
essentials. At most, such instruction gives them an incomplete picture of a few common conditions. Therefore, 
a plan should be adopted which will cover all the conditions met in orthopaedic practice. The graduate 
student will need the help of anatomical dissections, pathological demonstrations, and seminars in bacteri- 
ology, biochemistry, and physiology to acquire the necessary background for many problems which are 
encountered infrequently even on a large orthopaedic service. 

Acceptable programs for providing basic-science instruction have been developed by many of the 
institutions; and, although they vary considerably as to distribution of time and arrangements for giving 
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instruction, all of them embody the foregoing fundamental requirements. They have a clearly defined pro- 
gram which seeks to cover the entire field; they have laboratory facilities and specimens available for dissec- 
tion; and they provide instructors, either from the orthopaedic staff or basic-science teachers, or both, to 
conduct seminars and conferences; finally, they schedule a definite time in which the trainee may do this 
work. In some institutions, this phase of instruction is confined to one day a week throughout the three- 
year period of training. In other cases, the greater part of the first-year resident’s time is devoted to the 
basic-science program. In still other instances, an intensive program is arranged to cover a period of six 
months, during which time the resident has no regular hospital duties. 

Poor and unacceptable basic-science training still prevails in far too many hospitals. These hospitals 
generally fall into two groups. In the first group the program provides time (approximating six months) 
during which the trainee is released from other duties. A schedule is outlined whereby the trainee attends 
clinicopathological and radiological conferences, spends certain hours in laboratories of anatomy and path- 
ology, and attends lectures in physiology and biochemistry. However, investigation often reveals that the 
conferences contain little relating to orthopaedic surgery; the anatomy and pathology are but a general 
review of material presented to undergraduate students by the preclinical faculty; and the lectures in 
physiology and biochemistry are routine, general ones given at the undergraduate level. No selection of 
those parts of the basic sciences relating to orthopaedic surgery has been made by the orthopaedic staff, 
and the staff does not participate in the instruction. Much that is given the trainee is far afield or completely 
irrelevant, because the orthopaedic staff has dodged its responsibility. 

The second group of poor programs in the basic sciences consists of those supposedly integrated with 
the clinical work, but actually containing little more than a few crumbs of knowledge dropped by the surgeon 
in the course of routine ward rounds, while operating, or during staff conferences. The resident is advised 
now and then to “read up” on this or that, or to “run over to the dissecting room” and review this or 
that surgical exposure. As the time for Board examinations approaches, the staff man urges the trainee to 
‘get someone in the Department of Pathology to show you some bone-tumor slides’’. No organized, com- 
prehensive plan has been evolved by the staff; sufficient time has not been set aside; and, by precept and 
example, the orthopaedic surgeons indicate that the fundamental background of basic-science knowledge is 
not particularly essential. Their attitude is expressed in the remark sometimes heard: “It is unnecessary to 
spend so much time on basic-science studies; that knowledge will come to you as you go along with your 
clinical work.’’ Such an attitude on the part of the senior surgeons fails to impart the necessary interest and 
stimulus to the resident to make him seek the fundamental knowledge he sorely needs. 

The ideal program of basic-science instruction will not be realized until staff members themselves 
appreciate its value and importance enough to assist in formulating an organized plan of instruction for the 
residents, to help with the demonstrations and seminars, and to take every opportunity to discuss in the 
clinical conferences the fundamental background of each new condition encountered. Usually, assistance is 
needed from full-time instructors in the basic sciences, but the subjects covered by the instructors should 
be carefully chosen and their application to orthopaedic surgery should be explained by an orthopaedic 
surgeon. 

As & means toward better teaching of the basic sciences, medical centers should develop orthopaedic 
surgeons with special interests and ability in one or another of the basic sciences. When we have several 
men in each center qualified as orthoparii: surgeons or interested in orthopaedic surgery—one who knows 
and teaches anatomy, as does Inman of the University of California; another who has learned pathology of 
bones and joints, as did Bennett of the University of Illinois; and another who is thoroughly familiar with 
bacteriology and wound infections, as is Meleney at Presbyterian Hospital—the basic sciences will be taught 
ideally. To this end, future staff members who are now residents or young assistants should begin special 
investigations in one or another of the basic-science fields. There should be funds to provide facilities and to 
subsidize their work. Thus, in a few years, each of these orthopaedic surgeons will have a broad and thor- 
ough knowledge of one of the basic subjects. He will contribute greatly to staff interest and can give proper 
instruction in that branch to the residents. 

In conclusion, the ideal program for basic-science training should include: 

1. A senior staff which appreciates the importance of this phase of training; 

2. An organized, comprehensive program prepared by the orthopaedic staff, with assistance from basic- 
science teachers; 

3. A working schedule for residents, which will provide adequate free time for personal study and prep- 
aration, and attendance at the scheduled conferences, demonstrations, and seminars; 

4. A staff which will develop all the fundamental background of each new clinical entity as it is en- 
countered on ward rounds and in the operating room, and will thus arouse the interest of the residents in 
thorough basic-science training; 

5. Hospital and medical-school administrators who will secure funds to provide part-time salaries and 
laboratory facilities for young staff men, so that they will become interested in anatomy, pathology, physi- 
ology, and biochemistry. 
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THE IDEAL CURRICULUM OF RESIDENT TRAINING IN A UNIVERSITY CLINIC 


By Cart E. Bapatey, M.D., Ann Arsor, MicuiGaNn 
University of Michigan 


I agree with all that has been said. Now we come to the problem of the curriculum in a University 
Clinic. It seems to me that the problem is simply that in a University Clinic we are, in addition, teaching. 
There is an opportunity, which Dr. Caldwell has just suggested, of utilizing our University Centers for the 
purpose of acting as a mother center; and, through these, of developing an exchange service so that we may 
send our men to other institutions for a period of time for the purpose of having them acquire knowledge in 
a particular phase of our work. We have had such an arrangement for several years with Dr. Abbott at 
California and, more recently, with Dr. King at Stanford; we have also ai exchange service with other hos- * 
pitals. In addition, it is possible to utilize the University Centers for the teaching of *he basic sciences to 
residents from outlying areas. 

I agree with Dr. Green that one of the greatest things in the training of orthopaedic residents is the 
relationship with the men on other services. We need the broad knowledge that the men of the other services 
can impart to our men. We are very much pleased that such has been the case in the University Hospital in 
Ann Arbor, where all the surgical departments are closely interrelated. We do not regard ourselves as 
specialists particularly and, regardless of the surgeon, each group requires the same amount of training; 
the men are all on an equal level and they have many things which they can talk over. There are so many 
interdigitations in the various types of'work in orthopaedic surgery which require knowledge of neurosurgery, 
thoracic surgery, vascular surgery, and various other fields, that such a plan of training, I believe, is abso- 
lutely essential. 

It is important to have close cooperation with the department of medicine. Various problems arising in 
an orthopaedic department, such as thrombophlebitis, the fatigue syndrome, arthritis, gout, et cetera, need 
medical consultation. 

Concerning pathology, I must pay tribute to the Orthopaedic Board. I think the Board has done a 
remarkable job in the stimulus it has given our residents to learn pathology. There is no doubt that, since 
the Board initiated this requirement, our men have been much more interested in pathology. Our depart- 
ments of pathology, and of anatomy are now appreciative of the need that our men have for this training, 
and we are developing a relationship we never had before. We have didactic teaching in pathology, which I 
think is good. However; the didactic teaching should not be on the level of one older pathologist to another, 
but should be on the level of the younger pathologist who is acquiring the knowledge which the older path- 
ologist possesses. Lectures are given twice a week by just such a pathologist, and it has been valuable to all 
of us. We also have the daily examination of autopsy material. 

Our relationship with the Department of Pediatrics has been close and is most satisfactory. Daily con- 
ferences in roentgenology are extremely stimulating. These related activities are all important in the de- 
velopment of our specialty and in the training of our men. 

In our department, embryology is now playing an important role. We have had a project on the develop- 
ment of fascia, with work which has progressed so that it is of basic value. It has been done on foetal speci- 
mens at the University Hospital in our Surgical Department. 

Concerning training in anatomy, merely the dissecting of the human body has never seemed to me to 
be the answer. One must do far more than dissect a cadaver. We allow three full months in the Department 
of Anatomy, in which time we anticipate that the resident will work on a research problem. The residents 
are utilized for the purpose of teaching. There is nothing more stimulating to the individual than the fact 
that he hs« to teach and at the same time has to know what he is teaching. If he can have this opportunity, 
it is far he ster than simply dissecting. In addition, our men teach surgical anatomy, which is also of great 
value to them. This is taught in the third year. 

The teaching responsibilities in the University Clinic, of course, are minimal when these men are in 
training, but we utilize these residents to a considerable extent in the teaching of nurses; in various other 
departments, such as social service; in rehabilitation; and also in our out-patient clinics for the teaching of 
juniors and the teaching of the sophomores in fractures. I think the most important thing in the training of 
men is to give them a gense of responsibility. It is the sense of responsibility that stimulates residents to do 
their best work. } 

The residents also have the stimulus of learning to speak while standing on their feet, which is a very 
important part of training. The residents present their cases, completely worked up with a full résumé, at 
weekly conferences from nine to twelve on Saturday mornings. This is entirely their responsibility. Similarly, 
we have a fracture conference at which they present their cases. Having the individual responsibility of pre- 
senting a patient at conference makes it necessary for the resident to get the most out of the case. 
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THE IDEAL CURRICULUM OF RESIDENT TRAINING IN A PRIVATE CLINIC 


By J. S. Sprep, M.D., Mempuis, TENNESSEE 
The Campbell Clinic 


The fundamental purpose of an orthopaedic residency is to train the young surgeon for the private prac- 
tice of orthopaedic surgery. The ideal training program is found in neither the strictly charity hospital nor 
the strictly private hospital and clinic, but is found where experience is obtained in both types of institutions. 
For the resident in the private clinic and hospital, it is desirable, if possible, to add experience on a charity 
orthopaedic service, as well as in the allied specialties of plastic and neurological surgery. It is, of course, 
preferable that the charity services be directed by the same staff which controls the private clinic, so that 
the direction and character of the work will be of a uniform quality. However, if the charity service is directed 
by another staff, there will be a diversification of viewpoint, which is also of value. 

By securing training in the private clinic, the resident can learn much of future value as regards the 
business side of medical practice, the practical aspects of handling patients, and the fundamental principles 
of planning treatment, which will conserve the patient’s finances and yet keep his welfare uppermost. The 
type of patient seen in a private clinic and the diagnostic problems presented frequently differ in some 
respects from those seen on a charity service; consequently, the training gained in a private clinic will carry 
directly over into private practice. 

The staff responsible for resident training in a private clinic must, of necessity, see that the training 
is well rounded and includes adequate instruction in the basic sciences. Too frequently the energies of the 
resident are consumed in work which does not promote his education and training. The schedule of training 
in the small private clinic cannot always be broken down into distinct services in which each of the major 
phases of orthopaedic surgery is given its proper representation; it is necessary, therefore, that a definite 
effort be made to see that the training offered the resident be properly balanced and complete. 

The resident may obtain the necessary training in the basic sciences by attending an organized course 
in a graduate school of medicine or by integration of the basic sciences throughout the three years of resi- 
dency. In the latter case, physiology and biochemistry can best be taught in conjunction with the medical 
phases of orthopaedic surgery, including the preoperative and postoperative care of the patients. Lectures 
on the various phases of the basic sciences should be given either by the staff or by members of the medical- 
school faculty. Surgical pathology can best be taught by a correlation of the clinical, roentgenographic, 
and operative findings cf the individual cases with the gross and microscopic study of the tissue removed 
at surgery. On the medical service at the beginning of the residency, an intensive review of surgical pa- 
thology in general and of orthopaedic pathology in particular should be carried out. 

An especially valuable phase of the training offered by the private clinic is the opportunity for taking 
histories and making physical examinations. Here the resident will “‘work up’”’ the patient, order and review 
the roentgenograms and laboratory studies, and formulate his own impressions as to the correct diagnosis 
and treatment. Whenever possible, he should be present at the time the staff man sees and examines the 
patient, reviews the roentgenograms and laboratory findings, analyzes all data brought out, and finally 
discusses the case with the patient. In this way, the resident has the advantage of learning the line of reason- 
ing which the staff man uses in determining the proper treatment in the individual case, for treatment in 
many instances must be adapted to the individual and his circumstances. The resident should have the 
opportunity of assisting at operation on the patients he has worked up, seeing them postoperatively in the 
hospital, and later seeing them when they return for check-up examinations. 

During the first year of training, the resident should work entirely under the direct supervision of the 
clinical staff, the staff being responsible for all decisions, all operations, and all after-care. Later, as his ex- 
perience increases, it is desirable that the resident’s responsibility be increased, to include if possible an 
adequate amount of individual operative work. 

The danger of a single point of view, particularly as regards treatment, must not be overlooked. This 
can be obviated to a large extent by regular literature meetings, at which the current orthopaedic literature 
is reviewed, and presentations on assigned subjects are discussed. In a strictly orthopaedic clinic, attendance 
at general hospital staff meetings and clinical-pathological conferences should be encouraged. 

In our own private Orthopaedic Clinic and Hospital, an effort has been made to combine the advantages 
of training in a private clinic with those of a charity service. Over the years, a training program has been 
evolved which encompasses all phases of orthopaedic surgery, as well as training in the basic sciences and 
certain aspects of neurological and plastic surgery. An outline of this training program is offered as an example 
of how a private clinic and hospital can be integrated into a resident-training program. 

In addition to experience with the private adult and with children’s orthopaedic and fracture cases, 
there are available the facilities of a forty-bed hospital for crippled children, the state crippled-children’s 
services with their active surgical service, a sixty-five-bed hospital for crippled adults, a city-hospital service 
of forty beds (chiefly for acute trauma), a poliomyelitis service in the city isolation hospital, and a fifteen- 
bed in-patient cerebral-palsy unit. One day a week, the out-patient clinics of the crippled children’s and 
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adults’ hospitals are conducted under supervision. There is also an affiliation with a neurosurgical clinic and 
a plastic surgeon, to provide services in the orthopaedic aspects of these specialties. The residents are actually 


responsible for the conduct of the charity services and they perform a majority of the surgical procedures 
upon these patients, always under close supervision. 

There is a weekly staff conference, usually lasting two hours, at which pertinent roentgenograms and 
pathological preparations are studied and reviewed in the light of the clinical features of the case. A weekly 
lecture series is conducted, forty weeks a year. These lectures, each two hours in length, are planned over a 
three-year period to include both clinical orthopaedic subjects and the basic sciences; the clinical lectures 
are given by the Clinic staff, while the basic-science lectures are given by preclinical teachers of the medical 


school. 
At the present time, the training program is arranged as follows: 


First Year 

1. Pathology and medical service in the private Clinic and Hospital, three months. This includes a 
study of all material going through the Pathology Laboratory, and a systematic study of bone pathology, 
including tumors. While on this service, the resident assists with the preoperative and postoperative care 
of the Hospital patients, and works in both the Clinic and Hospital on arthritis and peripheral-vascular 
cases. 
2. Assistant in operating room and work in the private Clinic, six months, 

8. First assistant in the operating room and resident in orthopaedic surgery in the private Hospital, 
with responsibility for daily ward rounds, weekly progress notes, and dressings, three months. 


Second Year 
1. Assistant resident, crippled children’s service, three months. 
2. Assistant resident, crippled adults’ service, three months, 
3. Resident, crippled adults’ service, three months. 
4. Fellowship in neurosurgery, three months. 


Third Year 
1. Fellowship in plastic surgery, three months. 
2. Resident, crippled children’s service, three months. 
3. Assistant resident, city hospital (charity) service, three months. 
4. Resident, city hospital (charity) service, three months. 


RESIDENT TRAINING IN A VETERANS ADMINISTRATION HOSPITAL * 
By Dana M. Srreet, M.D., Mempuis, TENNESSEE 


Veterans Administration Medical Teaching Group, Kennedy Hospital 


These remarks refer specifically to the present program at Kennedy Veterans Administration Hospital. 

Kennedy Hospital was built for the Army during the War and was one of the largest General Hospitals. 
It was acquired by the Veterans Administration in 1946 and the excellent equipment was retained. It is at 
present operated as a 1,400-bed General Medical and Surgical Hospital. 

The Surgical Service is comprised of sections in all of the major specialties, each of which is headed by 
a member of the respective specialty board. The same applies to the medical and other services in the Hos- 
pital, so that consultations are readily obtained. The large, full-time staff is also on hand for conferences and 
seminers on all phases of medicine. Paraplegia forms a separate section. With 250 beds, Kennedy is one 
of the four paraplegic centers in the country for veterans. 

The Orthopaedic Section and training can perhaps best be described by following the resident through 
the program. The Orthopaedic Section contains 144 beds, and has been approved by the Board for two years’ 
training in adult orthopaedic surgery, fractures, and basic science. Three months of neurosurgery have been 
added, making a total of twenty-seven months. 

To examine this in more detail, the resident spends his first six months as Junior on a fifty-three-bed 
ward for clean orthopaedic surgery and fractures. Two such wards, or 106 beds, are devoted to these cases. 
The case material seen by the resident is exceedingly good. The anticipated burden of osteomyelitis and 
back cases has not materialized; of the 2,130 patients admitted during the past two years, 1,017 or 50 per 
cent. have had fractures, only 190 or 10 per cent. have had osteomyelitis, and 358 or 15 per cent. have been 
back cases of all sorts. Patients with major traumatic injuries are brought from all parts of Tennessee, 

* Published with permission of the Chief Medical Director, Department of Medicine and Surgery, 
Veterans Administration, who assumes no responsibility for the opinions expressed or the conclusions 
drawn by the author. 
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Arkansas, and Mississippi. Of the fractures, 8 per cent. are non-unions and 10 per cent. are compound. 

The three months spent on the Paraplegia Section offer the resident an unusual opportunity to gain in- 
sight not only into severe injuries of the spine, but also into problems peculiar to paraplegics. Paramount 
is the prevention and treatment of decubitus ulcers which, besides loss of protein, may also lead to osteo- 
myelitis and infection of the adjacent joints. Other problems are urinary-tract infection, fractures, and 
myositis ossificans. Since most of the paraplegics require braces, the resident becomes familiar with the 
Brace Shop, employing twelve brace mechanics and averaging over 100 new braces per month. During this 
three months he is also assigned to the service of Physical Medicine, and becomes familiar with physical- 
therapy apparatus, such as the Hubbard tank and the bar-bells of DeLorme; as well as occupational-therapy 
techniques and rehabilitative procedures, such as ambulation of amputees, stair-climbing for paraplegics, 
their getting from wheelchair to bed, from wheelchair into bath tub, et cetera. 

The three-month period spent on the Neurosurgery Section is optional, but is felt by most of the resi- 
dents to be very valuable because of the close relationship of the two specialties. Here the resident sees spinal- 
cord tumors, treats head injuries, and studies the mechanisms of pain. Early disc cases are treated con- 
servatively in the Orthopaedic Department. Simple disc operations are done by the neurosurgeons, and 
those requiring fusion are done by both services as a combined procedure. 

Although much basic science can be taught on the ward, such as protein metabolism, fluid and electro- 
lyte balance, and blood replacement, we feel that six months under the direction of the Pathology Depart- 
ment is of value. The work is in autopsies and surgical specimens, supplemented by dissection of extremities, 
lectures at a neighboring institution, and reading. We believe that the resident’s work should not be limited 
to orthopaedic material, since there is much to be learned in the fundamental principles of inflammation, 
neoplasia, and trauma from cases of other services. We are of the opinion that pathology cannot well be 
combined with ward work, because insufficient time remains for study. Contrary to the impression of some, 
the Veterans Administration resident does not check in at eight and out at five o’clock, but works day and 
night as the need for his services exists. His reading time for clinical subjects alone is limited. 

The resident then returns to the orthopaedic wards, spending three months as Senior on a ward con- 
taining a twenty-bed section for osteomyelitis and an eighteen-bed section for bone tuberculosis. These 
sections are well separated from each other and from the clean wards. The tuberculosis cases are drawn 
from all of the southeastern states and form a good teaching series. 

During the final six months, the resident is Senior on one of the fifty-three- -bed clean wards. Having 
assisted in a wide variety of operations as a Junior, he now has complete charge of the ward, does most of the 
surgery on his patients, and directs their preoperative and postoperative treatment. The Chief of the Sec- 
tion assists him with his first case of each type, after which, depending upon his aptitude, he is allowed to 
operate without direct supervision. He is thus given gradually increasing responsibility as he develops the 
capacity to handle it. The more extensive procedures are done by the Section Chief. 

Besides the ward work described, all of the residents participate in an out-patient clinic, two afternoons 
per week. Hospital patients of other services are seen in consultation at this time. Grand rounds are con- 
ducted one morning a week, when every patient on the Section is seen. An x-ray conference and an orthopaedic 
conference are held each week. 

Although appointments are on a yearly basis, the entire twenty-seven months described are available 
to all of the residents unless they prove incompetent. An additional six months is available to a selected 50 
per cent. in which to round out their experience. In the past two years we have performed 948 open operations. 
Of these, 247 or about 25 per cent. have been done by myself, 25 per cent. by the Senior Resident, and 50 
per cent. by the Senior Ward Officers. A man staying two years may then expect sixty or more major opera- 
tions and, with the additional six months, 120, plus many minor procedures. Therefore, the service is neither 
a pyramid nor a straight service, but rather a semi-pyramid. It avoids the chief drawback of the pyramid 
type—namely, the casting out of men with little or no operative experience—while at the same time the 
Senior Resident receives a widely representative group of cases. Although the program is patterned after 
the Board requirements, we are fundamentally interested in training the residents to practise orthopaedic 
surgery, and not merely to meet their requirements. 

In summary, the strong features of the service are its excellent reconstructive and traumatic material, 
experience with paraplegics, complete facilities for physical medicine and rehabilitation, and effective mech- 
anism for follow-up study. The weak points are the paucity of material in the older age group and in child- 
hood. The older group is increasing yearly, and the lack of children is partially compensated for by an 
affiliation with a children’s hospital, which takes care of 50 per cent. of our residents. 

In order to carry out successfully such a program of gradually increasing responsibility on the part of 
the resident, it is imperative that he be not oversupervised by a large, fully trained staff. A full-time appoint- 
ment for the Supervisor is advantageous, permitting him to divide his time more equally between clinical 
work, research, and teaching. Clinical work is necessary to maintain diagnostic acumen, technical skill, and 
insight into the patient’s problems. Research advances the frontier and constitutes a necessary proving 
ground for new procedures. Teaching provides one of the best incentives for keeping up with advances 
and, as Hippocrates said, is a moral obligation. 
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RESIDENT TRAINING IN AN ARMY HOSPITAL 


By Cotonet Mitton 8S. THompson, Mepicat Corps, Untrep Srates Army 
Brooke General Hospital, Fort Sam Houston, Texas 


The precipitous demobilization at the end of the last War threatened to leave hospitals full of ailing 
patients and empty of trained doctors. The prewar specialists, like Major General Norman T. Kirk, held 
responsible administrative positions; the younger men had had no specialty training; the graduate profes- 
sional-education program was needed. This program was started in 1947 and is designed to provide specialty 
training for Army doctors. 

Orthopaedic training is provided in six of the Army’s fourteen named General Hospitals. These six are 
Walter Reed General Hospital in Washington; Oliver General Hospital in Augusta, Georgia; Fitzsimmons 
General Hospital in Denver; Letterman General Hospital in San Francisco; Brooke General Hospital in 
San Antonio, Texas; and Valley Forge General Hospital in Phoenixville, Pennsylvania. The professional 
personnel of these Hospitals consists of the assigned staff, plus the attending staff of qualified civilian special- 
ists. Their effort to maintain the highest standards has earned the approval of the civilian councils and 
boards concerned with maintaining these standards. 

As of January 25, 1949, 143 Regular Army Medical-Corps Officers have been certified as diplomates of 
American Specialty Boards !, four of whom were certified in orthopaedic surgery. 
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At these residency-training hospitals, interns are selected from graduates of approved medical schools 
who are physically qualified for appointment in the Medical Reserve Corps. These men are given a one- 
year rotating internship, which includes one month on the Orthopaedic Service. Residents are selected from 
interns and from Regular Army Medical Officers who apply and who have the desired educational qualifica- 
tions and aptitude. The residents are being assigned for three years of training, and rotate through positions 
of increasing responsibility. 

There are some variations in the division of the services at the six hospitals, but typical is the organiza- 
tion at Brooke General Hospital (Fig. 1). 


VOL, 31-A, NO. 4, OCTOBER 1949 








898 COMMITTEE ON POST-GRADUATE TRAINING 


Formal teaching ward rounds are conducted. There are weekly Clinico-Pathological Clinics and Tumor 
Clinics, well-planned courses in anatomy with cadaver dissection, courses in pathology, and formal lectures 
on other basic-science subjects, given by qualified instructors. Monthly professional staff meetings, journal 
meetings, and problem clinics are attended, and the residents are welcome at x-ray, medical, surgical, and 
other conferences. The aim of this training is to encourage the residents to think in terms of long-range 
results. 

The hospitals selected for residency training have not only fine physical plants with the most modern 
and complete equipment procurable, but abundant clinical material of all ages and kinds. Since they are 
General Hospitals serving wide areas, they are each at the “bottom of a funnel’’; and, since their patients 
include not only soldiers, but also dependents, veterans, and retired personnel, the age and sex variation, 
as well as proportionate pathological training, is comparable with that of any civilian general hospital. 

At Brooke General Hospital last year, 1,609 babies were born and 13,719 children were seen in the 
Out-Patient Department. Of these, about 600 visited the Orthopaedic Children’s Clinic. The retired officers 
and soldiers and their dependents, as well as the veterans of the earlier wars, furnish material for training 
in geriatrics. 


TABLE I 


ORTHOPAEDIC SURGERY 2 


ee = - — - 





In-patients Out-patient Operations No. of Residents Beds 








Hospital Treated Visits Major Minor Authorized Present Allotted 
Brooke. . . Gale ae 2,796 3,619 835 116 14 6 347 
Fitzsimmons... . . . wareceoec Mae 2,931 702 139 S 5 264 
Letterman................... 2,006 2,232 769 136 15 S 450 
Oliver... eisap ne atacc anne 1,052 549 497 14 4 561 
re 912 4,168 775 374 14 3 300 

0 370 


Valley Forge........... ea 1,083 707 753 152 11 








We are enthusiastic about the graduate-education program, and hope that it will accomplish the pur- 
pose for which it was designed. In the field of orthopaedic training, we feel that it is definitely justifying its 
existence. Regular Army doctors have acquired skills and experience and have gone to staff hospitals in this 
country and abroad. In the two years which have elapsed since the inception of the program, Army residents 
in orthopaedic surgery have benefited from the experience of participation in a program which last year 
offered 9,748 patients and 5,797 operations in the six General Hospitals giving orthopaedic-residency train- 
ing. 


REFERENCES 
1. Army Medical Corps Specialists. Bull. U. 8. Army Med. Dept., 9: 299, Apr. 1949. 


2. Office of The Surgeon General, Department of the Army: Report from Clinical Data for Residency 
Training, Army General Hospitals. 


RESIDENT TRAINING IN A NAVY HOSPITAL 


By Joseru S. Barr, M.D., Boston, MAssacHUsETTS 


Reserve Consultant in Orthopaedic Surgery, Bureau of Medicine and Surgery, Navy Department 


The Navy has conducted a graduate medical-training program for its regular medical officers since 
1920. At the close of World War II, plans were made for expanding this training program, utilizing the 
facilities of Naval hospitals for residency training. At the pr sent time, United States Naval hospitals at 
San Diego, Long Beach, and Oakland, California; Bethesda, Maryland; Philadelphia, Pennsylvania; St. 
Albans, New York; and Chelsea, Massachusetts, are approved for residency training in orthopaedic surgery. 
The approval is for adult orthopaedic surgery, fractures, and basic sciences. No Naval hospitals are approved 
for training in children’s orthopaedic surgery. At the present time, there are a total of twenty-nine Naval 
medical officers in resident training in orthopaedic surgery,—fourteen in Naval hospitals, and fifteen in 
civilian training centers. There are seven men at the first-year level of training, thirteen at the second-year 
level of training, and nine at the third-year level of training. Although only one Naval medical officer is 
now certified by the American Board of Orthopaedic Surgeons, several others have completed the require- 
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ments for Part II of the examination, and the Bureau of Medicine and Surgery expects to continue assigning 
medical officers to the training program in sufficient numbers so that, within a reasonable length of time, 
there will be a well-trained orthopaedic surgeon certified by the Board in each of the larger Naval hospitals. 

The training program at the individual hospitals is similar to that at any of our better civilian institu- 
tions. The medical officers who are in the training program have volunteered for it. They have been carefully 
selected on the basis of ability; they have had adequate preliminary surgical training. In most of the Naval 
hospitals, civilian consultants bear a major part of the responsibility for the training program. Each resident 
is expected to spend at least a year in a civilian institution in children’s orthopaedic surgery. 

I believe that the Naval program is well organized to meet the needs of the Navy, and that it compares 
favorably with the training obtained in many, if not most, civilian institutions. 





SPECIAL TRAINING THE RESIDENT SHOULD HAVE IN CEREBRAL PALSY 


By Rosert A. Knicut, M.D., Mempuis, TENNESSEE 
The Campbell Clinic 


Within recent years, a better understanding of the problems of the cerebral-palsy patient and his treat- 
ment has been encouraged, largely through the efforts of Dr. W. M. Phelps of Baltimore. In the past, there 
has been little to offer the patient with cerebral palsy other than surgery; and even this, in the light of our 
present knowledge, was in many instances ill-advised. 

The treatment of the cerebral-palsy patient does not fall into the field of pure orthopaedic surgery alone, 
but overlaps into the fields of physical medicine, pediatrics, and neurology. Thus, anyone professing to treat 
intelligently the patient with cerebral palsy must master certain fundamental principles of these other spe- 
cialties, in addition to those within his own realm, if he is to evaluate the case accurately and direct care 
along all the necessary lines. 

By nature of his background training, the orthopaedic surgeon is best fitted to care for the cerebral-palsy 
patient, and it thus becomes our problem to plan the training of the resident so that he may, during his period 
of formal training, master the fundamentals of diagnosis and treatment. This may be accomplished in either 
of two ways: 

The first method consists of attendance at an organized program in cerebral palsy. At the present time, 
the most highly developed teaching program is in operation at the Children’s Rehabilitation Institute, under 
the direction and supervision of Dr. Phelps. As it is set up, it consists of three months’ work, and includes 
experience in the various rehabilitative measures in addition to organized lectures, experience in the private 
office, and atvendance at cerebral-palsy clinics. This special training is recommended for those men who have 
a special interest in the field and who contemplate being responsible for more than an average amount of 
work with crippled children, including the organization and conduct of a cerebral-palsy clinic and treat- 
ment center. 

The second method, which will be most practical for the majority of the residents, is by the inclusion of 
adequate basic training in the principles of cerebral palsy during the year’s work with crippled children. This 
can be gained by attendance at a weekly cerebral-palsy clinic, regular work in a cerebral-palsy unit associated 
with the children’s hospital, and formal lectures covering the pathology, clinical types, and methods of treat- 
ment. During the course of a year, the resident should have gained a good basic knowledge of the subject, 
including the re-educative phases, as well as the proper place of both bracing and surgery. 

Training of the cerebral-pzlsy patient can be carried out on either an in-patient or day-student basis; if 
personnel and funds permit, both types of training can be given. In planning a unit, multiples of fifteen pa- 
tients are used, since a therapist can adequately carry a case-load of fifteen children with moderately severe 
handicaps; somewhat more than this number can be treated if their handicaps are less severe. 

The staff needed for a fifteen-bed in-patient unit is as follows: 

Medical director, part time (an orthopaedic surgeon with special training in cerebral palsy) 
Physical therapist (with special cerebral-palsy training) 

Occupational therapist (with special cerebral-palsy training) 

Speech therapist (part time) 

School teacher 

Practically, the in-patient unit should function as an active training unit, admitting patients for periods 
of three months or longer. Certain patients can, after an initial period during which their training program is 
being set up in the unit, have the training carried out by the parents at home; others, because of their peculiar 
treatment needs, will require prolonged training at the treatment center. Before the patient is allowed to 
return home, his mother should come to the center for instruction so that she can intelligently carry out the 
child’s therapy. 
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In large cities, the less severely handicapped children can be brought to the center daily. Their program — 
is similar to that of the in-patients, but the cost of this day-unit type of training is less in that residence facili- - 
ties are not required; the fact that the children are not taken from the home for a long period of time is ad- oe 
vantageous from a psychological standpoint. P 
An in-patient unit of fifteen children, with a staff as described above, is in operation in conjunction with 
our own teaching program. The unit is closely integrated with the resident-training program, the residents on 
the children’s service attending the weekly conference held by the director of the unit, as well as making daily 
visits to the unit. The experience and training which these residents gain would, of course, be greater and 
more diversified if the unit were larger, but it has been our experience that even a fifteen in-patient unit, with 
an active follow-up clinic, serves as a valuable training ground for the resident. 
SPECIAL TRAINING FOR THE RESIDENT STAFF IN INFANTILE PARALYSIS ate 
By Raymonp E. Lennarp, M.D., BautimorE, MARYLAND nays 
n 
Johns Hopkins Hospital wot 
The relationship of poliomyelitis to resident training is a vast topic. There are many facets to the ortl 
problem, any one of which, if pursued to the end, would entail an extremely large amount of information. sub 
A general outline might be briefly stated as follows: wh 
1. Etiology : 
2. Epidemiology <i 
3. Symptomatology aie 
A. Differential diagnosis ” 
4. Pathology _ 
A. Changes in central nervous system 
B. Changes in muscles bre 
5. Prognosis rm 
6. Treatment th 
A. Acute stage ia 
B. Convalescent stage = 
7. Bracing for treatment and for rehabilitation , 
8. Operative Phase ™ 
A. Correction of deformities ph 
B. Improvement of function ed 
9. Vocational Rehabilitation kr 
One might suppose that it would be unnecessary to dwell too much with a resident staff on the problems 
of etiology, epidemiology, symptomatology, and pathology. They should know from their textbooks and th 
medical training the basic facts, or as much as is known, of the disease. The diagnosis for a resident staff ” 
should be a simple problem. 
They might be impressed with the prognosis and with the statement that many of the cases are unrecog- ae 
nized, but that, in those which have definitely been diagnosed, the recovery rate is rather high. In 60 per cent. 
of recognized cases, recovery is complete; another 20 per cent. of patients recover with a minimum of residual és 
weakness or disability. About 2 per cent. have marked residuum, to the point where wheelchairs are required. . 
It is in the other 18 per cent. that most of the problems arise in regard to prolonged treatment. ss 
The residents, unless they are assuciated with a hospital for contagious diseases or one having contagious . 
wards, will probably have very little opportunity to see the earliest stage of the disease, and may-not have P 
contact with patients for several weeks after the onset of the disease. However, they should be taught the use : 
of a respirator and the need for tracheotomy. : 
They should become well acquainted with treatment at the convalescent stage, with the measures of ‘ 
physical therapy that are used, with the judicious use of heat, massage, and exercise, and with careful han- . 
dling of the muscles and extremities involved. Some knowledge of how to record the progress of patients and ; 
of the muscle testing required for such records might be a part of the program. ; 
Prophylactic measures during the recovery phase are essential, in an effort to prevent deformities or to y 
diminish the amount of deformity of joints. The residents should know the fundamentals of the bracing and 
splinting of extremities in the prevention of deformities, and the problems connected with such bracing when 
the patients are permitted to be ambulatory. 
When deformities exist, the teaching should include the mode of production of deformities as well as 


methods te correct them by muscle transplantation, tenodesis, and arthrodesis. Such broad statements need | 
more specific description, but the after-care of poliomyelitis is essentially a problem of individual patients, 
and the best teaching is given at the bedside. Since the disease leaves characteristically a spotty weakness, the 
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deformities may be multiple, involve any joint, and be associated with varying degrees of muscle weakness. 

The resident staff should also be acquainted with the fact that the poliomyelitis patient needs not only 
physical rehabilitation, but mental adjustment as well; and that, throughout the whole course of therapy, one 
should bear in mind the problems which may arise in regard to vocational rehabilitation. 





SPECIAL TRAINING THE RESIDENT SHOULD HAVE IN THE 
FITTING AND MAKING OF BRACES AND PROSTHESES 


By Arua Tuomas, M.D., Denver, CoLoRADO 
University of Colorado School of Medicine 


In reviewing orthopaedic literature through the years, one gains the impression that, as knowledge and 
interest in open surgical procedures increase and new surgical techniques develop, there has been a propor- 
tionate diminution in interest in the problem of orthopaedic braces and appliances. In spite of recent advances 
in the development of graduate orthopaedic teaching, sufficient effort or interest has not been shown in any 
organized or comprehensive instruction in the prescribing and fitting of braces, artificial limbs, and other 
orthopaedic appliances. This lack of instruction is evidenced by the confused and limited knowledge of the 
subject on the part of many of the younger orthopaedic surgeons. This deficiency became especially apparent 
when the military services established their own brace and limb shops during World War II. 

Except in some of the larger institutions which have their own brace shops, little opportunity or time is 
available for the orthopaedic resident to receive instruction in orthopaedic appliances; and, even when a shop 
is available, little effort is made to organize formal instruction on the subject. This is especially true as regards 
artificial limbs. There are few modern texts on the subject, and the literature is meager and not readily 
available. 

Too often braces are prescribed with little knowledge of the fundamental design and construction of the 
brace and with very vague ideas as to its purpose and function, this problem being left largely to the judg- 
ment and decision of the appliance-maker. In addition there rarely is adequate supervision of the fitting of 
the appliance and instruction in its use, in order to make sure that it properly fulfills the purpose for which it 
was designed. These matters all should be the responsibility of the prescribing physician, but too often they 
are left largely to the brace-maker or limb-maker. 

The relationship of the physician and the appliance-maker has been aptly compared to that of the super- 
vising architect and the building contractor. To prescribe and fit an orthopaedic appliarce properly, the 
physician must not only possess a thorough understanding of the purposes of the brace, but also some knowl- 
edge of fundamental brace design and fabrication, materials available, and joint and lock mechanisms. Such 
knowledge is best gained by formal instruction, as well as by observation and experience in the shop. 

Decisions as to the type of design or material used in braces are often made from habit or custom, rather 
than from a careful analysis of the individual patient’s needs. Such considerations as age, general physical 
condition, extent of involvement, economic and social status, and length of time the brace will have to be 
worn are important factors in the selection of the design and material used. Judgment in these matters is 
attained through long experience or by adequate instruction. 

In order to carry out such teaching properly, close cooperation between the physician and the appliance- 
maker is essential. Personal acquaintance with some of the leaders of the orthopaedic-appliance industry 
convinces me that they are eager to cooperate in such efforts, and I believe that it is to the mutual advantage 
of all concerned that this should be done. Well-organized instruction and demonstrations in fundamental 
engineering principles, brace design, simple metallurgy, shop practices in metal, wood, and leather work, 
principles of measurement, and fitting are all desirable in such a teaching program. I am sure that consider- 
able teaching talent is available within the industry. The members of the orthopaedic-appliance industry are 
eager to improve their own standards and to organize and enlarge their training facilities; they believe that 
this can best be accomplished by cooperation with, and by the assistance and encouragement of, orthopaedic 
surgeons. 

The instructional course in brace-making given by the Mellon Institute and University of Pittsburgh 
Medical School for both physicians and appliance-makers last fall was most worth while, and is a good ex- 
ample of such cooperative effort. I understand that the course is to be repeated this fall in a slightly different 
form. 

The efforts of the Academy in cooperation with the Army, Veterans Administration, and the orthopaedic- 
appliance industry in preparing a comprehensive Atlas on Braces and Artificial Limbs is also most commend- 
able; the Atlas, when published, will furnish valuable material for the teaching of residents. In addition, how- 
ever, it is highly desirable that a formal teaching program be devoted to orthopaedic appliances, a curriculum 
being set up to include lectures and demonstrations and possibly even some shop experience. It is only by 
such a program that this subject, so essential in orthopaedic practice, can be taught adequately. 
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RESEARCH, PUBLICATIONS, PHYSICAL MEDICINE, AND OTHER SPECIAL SUBJECTS IN 
A RESIDENT-TRAINING PROGRAM 


By Fremont A. CHanpier, M.D., Cuicago, ILLINOIS 


University of Illinois 


Research and Publications 


The rush and glamor of an ever-widening clinical experience is attractive to every resident, as it is to 
most practising orthopaedic surgeons. Research and the publication of scientific papers consequently have 
been relegated to a minor role in many courses for training of residents. Only late in their course do most of 
these surgeons begin to appreciate the need and satisfaction of investigative effort. Many enter active prac- 
tice, hoping to devote sufficient time to serious study, little realizing that facilities and guidance are no 
longer at their disposal. Their economic advancement stifles them further and they join the ranks of imitators, 
well disposed to allow others to advance the science of their specialty. 

The desire for true knowledge must come from an inherent curiosity, leavened with some degree of skep- 
ticism for available data. Fire of this nature is instilled into the resident only with great difficulty by hard- 
working, mentally agile preceptors. The usual course of collegiate and medical education fails in high degree 
in the accomplishment of this phase. 

How may we function best in correcting this situation which confronts us? 

1. Clinical research depends largely upon the study of patient records, past and present. The assignment 
of a statistical review of some specific orthopaedic entity to the new resident will give him an opportunity of 
appreciating the shortcomings of his predecessors and will emphasize the need of intelligent and accurate 
recordings of data. 

2. Although most residents feel capable of mastering big problems, it is usually desirable to initiate their 
investigative efforts under the direct guidance of some productive worker. 

3. The presentation of case reports, supplemented by reviews of the literature, affords an opportunity 
for the resident to become acquainted with library technique and with the various publications especially 
related to the subject. 

4. The preparation of these case reports and the active participation of the resident in clinical confer- 
ences adds impetus to his interest in this phase of training. 

5. The requirement of a thesis brings out latent ability which may otherwise remain hidden. 

Special training in the following fields is of value: 


Physical Medicine 

It is difficult to summarize specific subjects in this field, for the practice of physicai medicine employs 
techniques, many of which border on psychological methods of therapy. These are proper if employed 
properly. P 

So little is known regarding the actual physiological response of tissue to the various stimuli that training 
in this field must be clinical in nature. This would indicate that the resident might well become a temporary 
member of the Department of Physical Medicine, actually participating in the administration of the pre- 
scribed procedures. By doing so, he will appreciate the merits of technique and will be in a position to pre- 
scribe therapy more specifically. Familiarity with the use of the thermocouple, the electromyograph, and the 
numerous means of recording circulatory changes will enable the resident to recognize the opportunities 
of clinical application as he comes into contact with patients. 

Instruction by members of the Department of Physical Medicine is desirable. This should come early in 
the period of orthopaedic training. 


Roentgenology 


The extensive use of the roentgen ray in orthopaedic surgery makes this subject of major importance. 
To properly appreciate the intricacies of roentgenology as it serves the purpose of orthopaedic diagnosis, a 
knowledge of photographic technique and of the actual manipulation of roentgenographic equipment is most 
desirable. Although the fina! film is the immediate need of the orthopaedic surgeon, familiarity with the com- 
plex techniques required in its production will be beneficial. This can come only through actual use of the 
equipment. Nothing is of more value than serving as a technician for a short period. 

Interpretation of roentgenograms is, of course, the major problem. Training in this phase is best ac- 
complished by close contact with the roentgenologist and clinician, through the medium of frequent con- 
ferences. 


Neurology and Rheumatology 


Needless to say, experience and knowledge in these fields is of vital importance, but it may best be ac- 
quired through day-to-day contact rather than by isolated courses of instruction. Certainly neurological 
entities must be recognized by the orthopaedic surgeon, for many are reflected through dysfunctions of 
muscles and joints. The principles of neurosurgery should not be overlooked. 
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THE GRADUATE SCHOOL OF MEDICINE 


Course IN ORTHOPAEDIC SURGERY AND ITs CurRICULUM 
By Jesse T. Nicuotson, M.D., PHrtapeLpHia, PENNSYLVANIA 


University of Pennsylvania Graduate School of Medicine 


The Graduate School of Medicine at the University of Pennsylvania was established in 1916 by merger 
of the Medico-Chirurgical College and Hospital, the Diagnostic and Howard Hospitals, and the North 
American Sanatorium, and by various philanthropic gifts. Its purpose was to provide “basic” graduatestudy 
in the well-recognized clinical specialties. This graduate study was “‘intended to lay a foundation and to pre- 
pare for appropriate clinical and thesis studies to succeed the basic studies”’. 

The clinical and thesis studies may lead to a graduate medical candidacy, providing the Faculty are con-- 
vinced that the candidate is qualified to practise the clinical speciality concerned. “‘The Faculty becomes 
convinced . . . in either of two manners: (a) By the fact that the candidate has become a certificant (‘dip- 
lomate’) of the related American Board for the certification of such clinical specialists; or (b) that the candi- 
date has fully completed all the detailed precepteeship or fellowship requirements, including certification as 
to special clinical qualifications by the officially designated preceptor(s) or fellowship director(s). 

“‘Precepteeships may proceed in several manners: hospital residentships; or resident or visiting hospital 
or clinical fellowships or assistantships; or assistantships in private special clinical practices of preceptors in 
approvable »art-time combination with one or more of the foregoing hospital associations.’’ They have as 
common features: “‘(a) Approved study facilities; (b) an approved preceptor who cooperates with the pre- 
ceptee and the University; (c) a duration of two or more years, if the candidate be engaged solely in his 
precepteeship studies; (d) a duration of three or more years if the candidate engages in clinical (or other 
occupational) pursuits in addition to his precepteeship studies; (e) an academic credit of two thousand hours 
or more in two years or more of study, and no credit being given for private practice of the candidate; (f) 
preparation of an approvable thesis, involving an acceptable degree of original investigation pertaining to 
the clinical field concerned in the candidacy; (g) the preparation of the thesis must be authorized and active 
while the practical credits are being accumulated, but it is not necessary that the thesis requirement shall 
have become fulfilled completely at the time that the practical requirements become fulfilled,—an extension 
of time for the fulfillment of the thesis requirement being allowable at the joint discretion of the preceptor, 
dean, and faculty; (h) periodic preceptorial and faculty approval of the practical and thesis studies as they 
proceed ; (i) final general preceptorial and faculty approval of the special practical status which the candidate 
has attained, and approval of his completed, unpublished, thesis.” 

For a Master’s degree in (medical) science, two calendar years of clinical and thesis studies are required.. 
For a doctorate in (medical) science, one to three years are devoted to research in the field of the specialty: 
concerned. 

“Separate basic studies are provided for each of the (sixteen) clinical specialties currently accorded 
major recognition by the school’s curricula: internal medicine, pediatrics, neurology-psychiatry, derma- 
tology-syphilology, radiology, surgery, gynecology-obstetrics, orthopaedics, urology, ophthalmology, oto- 
laryngology, physical medicine, anaesthesiology, orthodontics, oral surgery-oral anaesthesia, oral medicine- 
periodontics and prosthetics.” 

The Department of Orthopaedic Surgery was established in 1920. The Chairman or Vice Dean was Dr. 
DeForest P. Willard, who retired from this chair in 1946. His observation and experience were responsible for 
the evolution of the course as presented today. 

The school term extends from October to May. The enrollment is restricted to twelve. This number 
facilitates instruction in anatomical dissection and microscopic pathology, permits small sections for ward 
rounds, surgical theater, and out-patient clinic, and allows better evaluation of student potentialities by- the 
instruc .vrs. 

The schedule comprises thirty-two weeks. Each week has thirty-seven hours of assigned work, giving a 
total of 1,184 hours for the term. These assigned hours of work are broken down as follows: 586 hours are 
devoted te basic studies; 210 of the basic-study hours are occupied by lectures and clinical demonstrations in 
the correlated clinical-science course. This course is given by the separate departments of Physiological 
Chemistry, Pathology, Physiology-Pharmacology, Bacteriology and Immunology, and Physical Anthro- 
pology in the Graduate School of Medicine. These staffs combine to give an integrated course. The following 
is the present general arrangement of lectures: 

1. Kidney (26 lectures) 

2. Circulation (23 lectures) 

3. Heart (15 lectures) 

4. Blood (13 lectures) 

5. Alimentary Tract (17 lectures) 

6. Liver and Gall Bladder (11 lectures) 

7. Metabolism and Nutrition (17 lectures) 
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8. Endocrines (20 lectures) 
9. Nervous System (25 lectures) 

10. Physical Medicine (6 lectures) 

11. Lungs (22 lectures) 

12. Microbiology (15 lectures) 

In addition to this correlated clinical-science course, lectures in special physiology (14 hours) and bio- 
chemistry (12 hours) are given by the departments to the students in orthopaedic surgery. Separate courses 
are given the orthopaedic students in anatomical dissection and cadaver surgery (192 hours) and in gross and 
microscopic pathology of bones, joints, muscles, and tendons (160 hours). 

Two hundred seventy-three hours are spent upon subjects related or responsible for orthopaedic com- 
plaints and methods of rehabilitation. Radiology occupies sixty-seven hours; neurology, ninety-six hours; 
neurosurgery, four hours; peripheral-vascular diseases, twenty hours; anaesthesia, sixteen hours; arthritis, 
twenty hours; physical medicine, ten hours; occupational therapy, six hours; plastic surgery, twenty hours; 
blood dyscrasias, six hours; dietary deficiencies, four hours; and bone metabolism, four hours. 

Three hundred twenty-three hours are directly devoted to orthopaedic surgery. For much of this sched- 
ule, the student group of twelve is divided into three sections. The clinical observations are facilitated by the 
affiliated teaching of the following hospitals and institutions: 


Philadelphia Children’s Hospital: For children’s surgery, out-patient clinic, and acute orthopaedic 
illnesses of children; 

Philadelphia Shriners’ Hospital: For children’s surgery and ward rounds; 

The Widener School for Crippled Children: For kinesiology, poliomyelitis, and cerebral palsy ; 

The Alfred I. duF ont Institute of the Nemours Foundation: For clinics on deformities of children; 

The Presbyterian Hospital: For. plastic surgery; 

Naval Hospital: For amputations; 

Valley Forge General Hospital: For hand surgery; 

Philadelphia General Hospital: For fractures; 

Temple University Hospital: For ward rounds; 

The University Hospital: For clinical conferences; 

Graduate Hospital: For adult surgery and out-patient clinic. 


Collateral reading in unassigned hours is stimulated by the assignment of an orthopaedic subject of 
general interest. Each week, before the student conference, one member of the group presents an up-to-date 
summary of his assigned subject with a pertinent bibliography. If the presentation is approved, it is mimeo- 
graphed for distribution to other members of the class. 

The limitations of the course are: 

1. The students are at all stages of their required three years of orthopaedic training. 

2. Little opportunity is afforded to begin or to continue a research problem. 

3. But six-months’ credit is given by the Board of Orthopaedic Surgery for a seholastic year. 

4. There is no integration between the course and the additional years of resident training required by 
the Board of Orthopaedic Surgery. 

Some progress has been made in the latter instance. Two general hospitals and one clinic have sent their 
residents to the Graduate School for the basic course in orthopaedics for the past three years. With such a 
plan projected with other hospitals and clinics, the students might, by such a reciprocal arrangement, be 
enabled to meet full requirements of The American Board of Orthopaedic Surgery while completing research 
investigation that would entitle them to a degree of Master of Medical Science from the Graduate School of 
Medicine. 


Nore: Quotations sre taken from the Announcement for Session, 1949-1950, Graduate School of 
Medicine, published by the University of. Pennsylvania. 





WHAT CONSTITUTES A SATISFACTORY PRECEPTORSHIP TRAINING? 


By J. Atpert Key, M.D., Sr. Louts, Missouri 
Washington University 
A preceptorship type of training is not an easy way to become an orthopaedic surgeon. ‘The candidate 
who chooses this is usually one who, for economic reasons, does not find it possible to complete the formal 


orthopaedic program required by our Board. Such a candidate is apt to be a serious student who has more 
than the average allotment of ambition and energy. He should have an acceptable medical education, plus at 
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least one and preferably two years of training in general surgery. It is also desirable, but not essential, that he 
have a year’s formal training in orthopaedic surgery. 

Given this background, the candidate embarks upon a course which will eventually enable him to de- 
velop into an orthopaedic surgeon whose ability will compare favorably with that of his peers. I use the term 
“develop” advisedly, because I wish to emphasize the fact that in the preceptorship, or what I prefer to 
call the informal, type of orthopaedic training, the candidate is no longer an undergraduate student whose 
tasks will be allotted to him each day, but is one who has begun his life’s work and is largely on his own. 
Much of what he does in the future will depend upon his own initiative, rather than upon an instructor. He 
is not going to be run through an orthopaedic mill and be delivered to the community as a finished product. 
It is for this reason that this type of training is suitable only for the candidate who has more than the average 
amount of determination. He should also realize that the period of training will be prolonged. 

The amount of time which he should spend in informal training will vary with the ability of the candidate 
and with the opportunities for learning and experience which are afforded in his situation. In an average 
situation, he should spend approximately twice as long in informal training as he would in formal training. 
Under our present system, if he has had no formal orthopaedic training, he should plan on about six years of 
study and work before he is in a position to request examination with a view to certification by our American 
Board. On the other hand, if he has had one year of formal training, he should plan on four years of informal 
training. Since he will have been actively engaged in the practice of orthopaedic surgery during much of this 
time, it might be well for our Board to recognize this and to permit him to take his final examination at the 
end of his course of informal training, rather than after two additional years of practice. 

The candidate should associate himself with an established orthopaedic surgeon of recognized ability. 
He will act as an assistant and receive a moderate salary, which will enable him to be self-supporting or 
partially so. In the beginning, he will not contribute a great deal to the partnership; but, as he gains in knowl- 
edge and ability, his contributions will be more important and his monetary compensation will be increased. 

It is important that the senior member of the team—the preceptor, if you choose to call him that, al- 
though his status is far removed from that of a tutor—be genuinely interested in the development of his 
young associate. If this is true, the candidate will not be exploited, but will be given ample opportunities for 
mastering his specialty. He will be stimulated to study his textbooks and the current orthopaedic literature; 
and, from time to time, he will be advised to pursue comprehensive courses of reading on specific subjects in 
order that he may become familiar with the manner in which our present knowledge of orthopaedic surgery 
has evolved. 

The candidate will not be exposed to formal courses or laboratory demonstrations in the basic medical 
sciences, in a futile effort to repeat his first two years of medical school, but he will be encouraged to refresh 
and perfect his knowledge of the anatomy of the spine and extremities and to keep abreast of those advances 
in physiology, biochemistry, bacteriology, pharmacology, and pathology which are of interest to modern 
orthopaedic surgeons. He will be stimulated to spend some time in the clinical laboratory of the hospital with 
which he is associated, and to study the microscopic preparations of the lesions which he encounters at the 
operating table. 

In clinical orthopaedic surgery, the candidate will at first observe, and then take the histories of and 
examine patients. Then he and the senior member will go over these patients together and will discuss the 
diagnosis and treatment. He will become proficient in the application of the various conservative measures 
used in orthopaedic surgery and in the successful handling of patients. He will assist in operations, become 
skillful in the use of plaster-of-Paris and braces, and in the after-care of patients both in the hospital and after 
they leave the hospital. 

As the young man’s knowledge and ability increase, he will be given more responsibility in the care of 
patients and will be permitted to perform the simpler types of operations, reduce the less difficult fractures, 
and to continue the treatment of these patients until the end result has been reached. In doing this, he will 
have it impressed upon him that restoration of normal function is very often the object of his treatment. In 
his efforts to attain this, he will learn the usefulness and the limitations of physical therapy. 

If a free clinic is available, he will be given an opportunity to work in this clinic and, when he is cap- 
able of performing such duties, he will be assigned to a ward service in the hospital. If there is a medical 
school located in his community, an effort should be made to have the younger man assist in the instruction of 
students. He should also be assigned some specific problem for investigation and study and, if he has a bent 
for either clinical or laboratory research, this should be encouraged and he should be allowed time to devote 
to the problem. He should be encouraged to attend and participate in medical meetings, and should be given 
the opportunity to do so. 

Finally, as his judgment matures, he should be permitted to make decisions of increasing gravity and to 
assume responsibility for the solution of the more serious problems which are encountered in our specialty. 

Under such a regimen, I believe that it is possible to develop a man who, while not a walking encyclo- 
pedia of medical science, is a very satisfactory orthopaedic surgeon. In fact, it has been done again and again. 
The reason it is not done more frequently is because both the candidate and the preceptor must be men of 


exceptional character. 
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RESULTS OF THE SURVEY ON THE REQUIREMENTS FOR BASIC-SCIENCE TRAINING 


By Francis M. McKeever, M.D., Los ANGELES, CALIFORNIA 
The American Board of Orthopaedic Surgery, Inc. 


For several years The American Board of Orthopaedic Surgery has insisted that, during the three-year 
period of specialized training in orthopaedic surgery, time equivalent to six months be devoted to training 
in the basic sciences; the Board has so outlined its training requirements. This can be satisfied by integrating 
the basic-science training in the three-year period (which is considered preferable) or, in instances where 
instruction in basic sciences is not available, it has been possible to satisfy this requirement by a course of 
six months devoted to the study of the basic sciences. 

In order to evaluate this requirement, a poll was made of 500 individuals who had taken one or both 
parts of the examination of The American Board of Orthopaedic Surgery during the years 1946 to 1948. 
The following questionnaire was sent to these 500 individuals: 

“Dear Doctor: 

The following questionnaire is sent to you in order that The American Board of Orthopaedic 

Surgery may evaluate its requirement of six months’ resident training in the Basic Sciences. It is 

hoped that you will answer the following questions in the spirit in which they are requested, giving 

your opinion as to the value of this requirement to you and any constructive criticism which you 
may consider pertinent. 

If you have not completed the examinations, your answers will have absolutely no bearing 
on your eligibility. 


3. How did you meet the Basic Science requirement? 
(a) Special course at University? 


5. What benefits did you derive from your Basic Science training? 
6. Additional comments: 


I techcha- a). nd, 5 (ato Aces kn zane Aaaig «wid Sd ‘3 
(Address)... .. : si 


Of the 330 individuals who had taken both Part I and Part II, 231 replied. The questionnaire was also 
sent to 170 who had taken only Part I; 133 of this group returned the questionnaire. A total of 364 question- 
naires were returned. 

The questionnaires of those who had taken Part I and Part II, and of those who had taken only Part I, 
were analyzed separately, as it was felt that the latter group might have a certain reticence in answering 
the questions. This, however, did not prove to be the case. 

Twenty-five individuals, or 6.8 per cent. of those who replied, disapproved of the basic-science require- 
ment. The percentage of those disapproving varied practically none in each group. The requirement was 
approved by 93.2 per cent. 


Sratistics—Part I ONLY CoMPLETED 


1. Total Number of Questionnaires Sent... .. 2.2.0.0 0. ee 
NN EEO OCCT OCT TTT Te shea, aks soca ee 
ee are 59 
Special courses... .. pect te Sa eee oeer nee 46 
Integrated and special courses.................. 26 
a ee rare on 
133 
3. Nature of Replies 
Approved plan, with special comment....................0000ee ee eeee 123 93.2% 
Approved plan, without comment... . 2.0.0.2... 060.0 cece cece cece aes 1 dives 
I cd ea eke e dna s Gl ed ale a aeace. cht VA PAULA awe Bs ee ae Ree 9 6.8% 
4. Subjects Especially Approved 
SiS SS ak, 88 RON eae TOPE OI EP I 74 
| EES A ee oe Pe pene eee hee 69 
IE bp freon kobe 2 9:6. ccx sinie/e Seieern <ere en 27 
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, DN 5.2.2 Sf. are Mensa inn sis he eee eS 11 
I across .cocs chit aks Wee eee 
5. Special Courses 
Location No. Attending Location No. Attending 
ir Columbia University.......... 8 University of California......... 1 
ig Northwestern University... ... 6 Alabama University............ 1 
g Pennsylvania University. ..... 4 Illinois University.............. 1 
e Iowa University............ 3 Ohio State University.......... 1 
of Washington University........ 2 University of Colorado......... 1 
Kansas University............ 2 University of Texas........... 1 
h University of Buffalo. .... 2 University of Toronto.......... 1 
3. Wisconsin University... .... 2 Marquette University........ 1 
University of Minnesota...... 2 College of Medical Evangelists. . 1 
Tulane University............. 1 Kennedy Veterans Administration 
Oregon University............. 1 WMI 6 ora. neisiss sans este siesrs 1 


6. Approved Integrated Plan of Training 
Those who had had integrated course.................0.0.000002000 000s 21 
Those who had had special courses................. Al 
Those who had had both types of basic-science training. ................... 4 
36 
7. Approved Separate Course 
Those who had had special courses... . . . Brae eer 3 
Those who had had both types of training................. ioe eee 


(The reason expressed in the questionnaires for such approval was the ‘ ‘relief from the care of patients’’.) 


8. Special Opinions 


One year of general medicine was advised by one man. 
Two individuals felt that basic science should not start until after one year of clinical work. 


Sratistics—Part I anp Part II Compe.Letrep 
1. Total Number of Questionnaires Sent... ... 330 
2. Total Replies Received. . . a 231 
Integrated training. . . ..181 
Special courses....... eae 38 
No basic-sciences courses... .... 12 
231 
3. Nature of Replies 
Approved plan, with special comment................. . .208 4 93% 
Approved plan, without comment... . Ar a 
I x .50 &. cin ls 5:6 54'S 0 9: 0.070 0 eie0 se 0.5 Eee ace a 7% 
4. Subjects Especially Approved 
Anatomy. . Aviat) ACP EAE, Oper . .95 
ree . .87 
AAR rece arse are ..33 
Biochemistry........... 12 
Bacteriology........ 5 
Pharmacology....... 1 
5. Special Courses 
Location No. Attending Location No. Attending 


Iowa University........ 11 New York University 1 
Northwestern University . . 7 Temple University...... 1 
Columbia University....... 3 University of Chicago..... 1 
Tulane University. . . 3 Wisconsin University. . . 1 
Southwestern University... . 2 Marquette University. . . 1 
Pennsylvania University... . . 1 Howard University . 1 
McGill University . 1 College of Medical Evangelists 1 
Baylor University....... 1 Germany........ 1 


6. Approved Integrated Plan of Training 


Those who had had integrated training......... 4 rat ras cated eels Naa 


Those who had had separate courses........... Seve eerie 5 
Those who had had some of both types... ............0.0000 00005 4 
46 
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7. Approved Separate Course 
Trois Wed HOE BAG GORTALS COTES. ong 5 wo oc Sec inte e cece wade. 2 
Those who had had integrated course............. PL orden tre ye aes Be 1 
8. Special Opinions 
Ten expressed opinions that basic sciences should not be commenced until after one year or more of 
clinical training. It was felt that candidates would then be better oriented. 
Two believed general pathology was overemphasized. 
One believed training in neurology desirable. 
One believed training in general medicine desirable. 

The following conclusions seem justified from this survey: 

1. The basic-science requirement should be continued. 

2. Clinical residencies should not be accredited for basic-science training unless they present evidence 
of personnel, equipment, and time allocation for the adequate teaching of anatomy and pathology, and show 
evidence of an affiliation for the proper instruction in physiology and biochemistry by qualified personnel. 

3. Basic-science courses in a few teaching centers should be encouraged to continue, in order to supple- 
ment and round out the training of those individuals who do their clinical work in places inadequate for 
proper basic-science training. In this way, no clinical facilities will be wasted. 

4. Basic-science courses which are given as a separate period of instruction should be so organized that 
the students are kept in some contact with clinical work during their instruction in the basic sciences. This 
might be accomplished by having the students in basic science attend rounds twice weekly or serve a part- 
time clerkship on orthopaedic services in hospitals during their period of basic-science training. 

Nore: Unfortunately the comments of those filling out the questionnaires cannot be included here, due 
to lack of space. 


THE AMERICAN COLLEGE OF SURGEONS 
TRAINING IN SURGERY AND THE SURGICAL SPECIALTIES 
By Puaiurp D. Witson, M.D., New York, N. Y. 
Hospital for Special Surgery 


The interest of the American College of Surgeons in graduate training in surgery and the surgical special- 
ties is a natural outgrowth of one of the principal purposes for which it was founded, —namely, the elevation 
of the standards of surgical practice in the United States and Canada. Committees of the College began the 
study and discussion of different plans of surgical training as early as 1930. In 1936, the Board of Regents 
passed a resolution, requiring that applicants for fellowship in the College, who had received their qualifying 
medical degrees between the years of 1938 and 1944, should present evidence of having completed three 
years of hospital service following graduation, of which two years should have been spent in training in sur- 
gery or the surgical specialties. 

There was a further elevation of the requirements for admission to fellowship in the College in 1945, 
when the Board of Regents adopted a resolution requiring four years of hospital service for applicants who 
had graduated from medical school after 1945, of which three years should have been spent in training in 
surgery or the surgical specialties in hospitals approved by the College and in such study of the basic medical 
sciences as might be considered necessary. In October 1948, the requirements for training in general surgery 
were raised to four years following internship. 

When the College, in 1936, decided that it must approve the facilities of a hospital for training in surgery 
or the surgical specialties, it became necessary to add inspection of the educational activities of the hospital 
to the investigation previously carried on to ascertain whether the hospital should be approved as complying 
with the program of minimal standards. 

In 1937, by action of the Board of Regents, a Committee on Graduate Training in Surgery was estab- 
lished, to which were appointed general surgeons and representatives of all of the surgical specialties. This 
Committee was given the task of investigating and evaluating the opportunities for training in surgery 
and the surgical specialties in all of the hospitals in the United Staies and Canada. As a member of that 
Committee since its beginning, I can testify that its members have taken their responsibilities seriously 
and have worked hard in reviewing and passing on the reports of training programs, submitted by the 
full-time field investigators. The College has been fortunate in securing, on a short-time basis, the services 
of several young surgeons who have themselves recently completed training in surgery, so that they are 
familiar with the requirements for good training programs. Their investigations have not been perfunctory 
inquiries into form, but have penetrated deeply into content as well. 

In order to avoid the necessity of frequent meetings of the Committee, the Director of Educational Ac- 
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tivities of the College, Dr. George H. Miller, now causes to be sent to each of the members of the Committee 
full reports of the investigations of the training programs of hospitals that are applying for approval, as soon 
as they are received, and the members have the opportunity of passing on them without delay. Approval 
is by unanimous vote and, if there is difference of opinion, the further consideration of that program is post- 
poned until the next meeting of the Committee. 

To give an idea of the educational activities of the American College of Surgeons as represented by its 
latest report, published in the approval number of its Bulletin in December 1948, I may point out that of the 
2,561 hospitals which have been approved by the College’s Hospital Standardization Department as com- 
plying with its minimum standard requirements, there were 340 hospitals with 738 graduate-training pro- 
grams which had been approved by the Graduate Training Committee. Approximately 3,900 doctors were 
serving residencies in surgery or the surgical specialties in these hospitals. 

With respect to training in orthopaedic surgery, fifty-six programs in civil hospitals had received ap- 
proval. In addition, a considerable number of Government-operated hospitals were conducting approved 
programs, including five by the United States Army, one by the United States Public Health Service, seven 
by the United States Navy, and twenty-six by the Veterans Administration. 

There is one particular feature of the College program of evaluating graduate-training plans which needs 
to be emphasized, and which explains why the number of orthopaedic programs which have been approved 
by the College is smaller than that approved by the American Medical Association. The College insists that, 
for approval, a fully coordinated three-year training program should be carried out. The Committee on 
Graduate Training feels that programs of one or two years cannot lead to progressive increase of responsibility 
on the part of the resideat, in keeping with the increase in his experience and knowledge, and also that they 
leave the resident in doubt as to obtaining the additional period of training that he may require. Further- 
more, hospitals that offer training for periods of less than three years are generally not functioning in affilia- 
tion with a medical school or a medical center, or they would have been able to work out a coordinated 
three-year program in cooperation with other hospitals. Generally speaking, such hospitals do not have well- 
organized departments and the training facilities are not so good as they should be. 

From this statement it can also be seen that many more hospitals have been approved for orthopaedic 
training than the fifty-six mentioned, because many of them have coordinated programs with other hos- 
pitals. It is the feeling of the Committee on Graduate Training that it is better to withhold approval of short 
training programs and to encourage these hospitals either to work out coordinated three-year programs or 
to devote their educational activities to general instead oi to specialty training. 

The reports on training programs in orthopaedic surgery which are sent in by the field investigators now 
include an analysis of the resident’s experience, both with respect to clinical material and operations, in 
each of three major divisions—namely, pediatrics, surgery, and adult orthopaedics and fractures—as well 
as in the study of the basic medical sciences. In addition, the reports include such statistical material on 
special work with poliomyelitis, club-foot, cerebral palsy, and scoliosis as may be obtained. This type of 
comprehensive report gives a clear picture of the work being done and makes the task of evaluation fairly 


easy. 
What is most needed now is up-to-date factual material with respect to each of the approved training 
programs in the various hospitals. This information should be available for the benefit of prospective resi- 


dents, as well as for the American College of Surgeons, the American Medical Association, and the Specialty 
Boards. To obtain such material, annual follow-up inspections are required, to report on changes that are 
made in the various programs and how they are working out. Both the American Medical Association and 
the College of Surgeons are engaged in these investigative activities, with some duplication of each other’s 
services. A pooling of their efforts is greatly to be desired, leading to more effectual and comprehensive annual 
check-ups on these training programs. Above all, agreement should be reached between these two great 
medical organizations with respect to the policy to be followed in approving and disapproving training pro- 
grams, in order that the residents may not be confused, as they are at present, by differences in the lists 
of hospitals approved for training. 





THE AMERICAN MEDICAL ASSOCIATION AND SPECIALTY TRAINING 
By F. H. Argestap, M.D., CuicaGo, ILLINOIS 


Council on Medical Education and Hospitals, American Medical Association 


First, I wish to extend greetings from the Council on Medical Education and Hospitals and to express 
my own personal appreciation for the privilege and opportunity of meeting with you again. 

Since your last meeting in Quebec, the major survey of medical education sponsored jointly by the Coun- 
cil on Medical Education and Hospitals and the Association of American Medical Colleges has been or- 
ganized and is well under way, under the full-time direction of Dr. John E. Deitrick, Associate Professor 


VOL, 31-A, NO, 4, OCTOBER 1949 








910 COMMITTEE ON POST-GRADUATE TRAINING 


of Medicine, Cornell University Medical College, and Director of Postgraduate Instruction of the Second 
(Cornell) Division, Bellevue Hospital, New York City. This comprehensive study, which will extend over a 
period of three years, will be conducted under the supervision and guidance of the Survey Committee on 
Medical Education, consisting of the following members: 

Alan Valentine, Litt.D., Chairman, President of the University of Rochester 

Dr. Arthur C. Bachmeyer, Associate Dean, University of Chicago School of Medicine 

Dr. Herman G. Weiskotten, Dean of Syracuse University College of Medicine 

Dr. Joseph C. Hinsey, Dean of Cornell University Medical College 

Dr. Victor Johnson, Director of Mayo Foundation for Medical Education and Research 

Dr. Dean F. Smiley, Secretary of the Association of American Medical Colleges 

Dr. Donald G. Anderson, Secretary of the Council on Medical Education and Hospitals, American 

Medical Association. 

The Committee has stated that the objectives of the study are “to evaluate the present programs and 
determine the future responsibilities of medical education in the broadest aspect for the purpose of (1) 
improving medical education to better meet the over-all needs of the American people for the prevention of 
disease, the restoration as far as possible to health of all those who suffer illness or injury, and the main- 
tenance of the best standards of physical and mental health of all the people; (2) assessing the degree to 
which medical schools are meeting the needs of the country for physicians; (3) promoting the advancement 
of knowledge in the field of medical science; and (4) better informing the public concerning the nature, con- 
tent, and purpose of medical education’”’. 

From the nature and scope of the present survey, it is safe to predict that changes in the educational 
patterns will result in all of the major fields of medical education. The advancement of scientific knowledge 
aad the changing conditions of medical practice have brought into sharp focus a number of subjects which 
will require an adequate place in the medical curriculum. Included in this group is the subject of nuclear 
energy and its application to medical practice and research. Physical medicine and rehabilitation will alsu 
command the attention of medical educators, in view of the increased span of life and the associated problems 
of chronic and degenerative disease. Social and economic factors must likewise be taken into consideration 
in future planning, as well as new concepts in relation to mental health, nutrition, preventive medicine, and 
“other subjects. It may also be anticipated that, in future years, the basic medical sciences will be more 
closely integrated with clinical medicine and that the position of the internship will be more clearly defined 
iin its relationship to the clinical clerkship, residency training, and general practice. In view of the inter- 
relationship and interdependence of the various components of medical education, we may also look forward 
to further changes in premedical education and in the graduate and post-graduate fields. 

Since the meeting of your Association in Quebec, the Council on Medical Education and Hospitals has 
revised the Essentials of an Approved Internship and the Essentials of Approved Residencies and Fellow- 
ships. The latter will, within a short time, undergo further revision, however, in order to incorporate the 
changes that have recently occurred with the establishment of the American Board of Proctology and the 
expansion of physical medicine into the broader field of Physical Medicine and Rehabilitation. An American 
Board has also been established in Preventive Medicine and Public Health, thus increasing to eighteen the 
number of certifying boards approved by the Medical Council on Education and Hospitals. 

The general, or mixed, residency classification, previously included in the standards for residency train- 
ing, has been discontinued, and in its place the Council has adopted specific requirements for residencies in 
general practice. These are designed to meet the needs of medical graduates intending to enter general prac- 
tice, and should preferably be organized as two-year programs, offering broad experience and training in the 
major fields of internal medicine, general surgery, obstetrics, pediatrics, and the ancillary services of pathol- 
ogy, radiology, and anaesthesiology. It is not anticipated that residencies in general practice should be ac- 
cepted as fulfilling any of the requirements for specialty certification. To do so would defeat the main pur- 
pose of this program, which is to increase the number of well-trained general practitioners in this country 
and to induce more and more of the young physicians to enter the general practice of medicine. 

The plan for the temporary approval of residencies in specialties, adopted as an emergency measure 
to meet the increased postwar demand for residency training, has been discontinued by joint action of the 
Council on Medical Education and Hospitals and the Advisory Board of Medical Specialties. The residencies 
approved on a temporary basis, as well as other educational services that have not been reviewed within the 
last two years, are now being evaluated by the inspection staff of the Council and a selected group of eleven 
regional inspectors. This survey has progressed rapidly, and will probably be completed by the end of 1949. 
To supplement the program of hospital inspection, the American Board of Radiology is planning to conduct 
a@ further survey of radiological residencies, in cooperation with the Council on Medical Education and 
Hospitals. The pattern for this type of study has already been established in the cooperative survey of ortho- 
jpaedic residencies, conducted in 1947 by the Council, The American Orthopaedic Association, and The 
American Academy of Orthopaedic Surgeons. 

In the field of specialty training, we find at the present time an increasing interest in the development of 
hospital affiliations. This trend is especially apparent in regional planning, and may in some areas involve a 
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considerable number of outlying community hospitals. The extension of educational services by affiliation 
is basically sound, provided that the affiliated assignments are closely integrated in the total teaching pro- 
gram and that adequate medical supervision is supplied, both at the clinical and the coordinating levels. 
It is recognized, also, that such a plan will increase the level of medical and hospital practice in the affiliated 
area and, on a regional basis, will be an effective means for the wider distribution of medical personnel. It is 
important, however, that, in the decentralization of educational activities, the teaching function should not 
at any time be subordinated to the service requirements of individual communities. To guard against over- 
extension or serious dilution of educational effort, it is essential, therefore, that affiliated programs be care- 
fully evaluated to ensure that all components are organized in full compliance with existing standards. 

The availability of clinical material for teaching purposes is a problem that will be of increasing concern 
in future years, particularly as more and more patients may seek private care under the continued expansion 
of voluntary medical and hospital prepayment plans. While private patients are often utilized extensively for 
teaching, they do not, as a general rule, fulfill the educational needs in those fields where operative experience 
is essential to the completion of the training program. It may be necessary in the coming years, therefore, to 
increase the opportunities for preceptorial or associated practical training beyond the period of institutional 
assignments. To some extent this need is already apparent, and it should receive further consideration in 
order that adequate and acceptable supplementary training may be available. 

The specialty fields are also concerned in many of the general, over-all problems in medical education 
related to the training and distribution of medical personnel (general practitioners and specialists) ; the in- 
tegration and correlation of general and specialty practice; the adequacy of community medical services; 
cooperation and coordination in teaching; medical research; increased leadership in hospital organization 
medical service, and public health; flexibility in medical education; and the experimentation necessary to 
develop new and more effective methods of teaching. The answers to many of these questions will be evolved 
in the present survey, the influence of which on medical education will parallel the advances that followed 
the previous surveys of Abraham Flexner and H. G. Weiskotten. Medicine in America is at the highest 
point of development that has been reached anywhere in the world, yet today we are again spurred onward 
by the impelling force of progress, and in the survey which is now unfolding we can already sense the antici- 
pation and exhilaration of new accomplishments ahead. 


SUMMARY 
By A. R. SHanps, Jr., M.D. 


You have been given a great deal of information this afternoon on the orthopaedic training program, 
from many different and varied sources. Your Chairman, in summary, can only comment on the most per- 
tinent facts as he sees them. However, before summarizing he would like to thank each of the speakers for 
his part in this excellent symposium, especially Dr. Arestad from the American Medical Association. 

Dr. Green has keynoted a few of the significant requirements for good training in stating that adequate 
material and stimulating teachers are the most important factors. I would reverse the order, for without 
the stimulus of the teaching, all training may be inadequate, irrespective of material. 

Dr. Caldwell has brought out three important points in the teaching of basic science, namely (1) varied 
patients, (2) adequate facilities for study, and (3) sufficient time for the residents to correlate the findings 
in their patients on the basis of anatomy, pathology, biochemistry, et cetera. This third point should be em- 
phasized, for most training is so filled with routine duties that time is definitely at a premium. All services 
should be planned so that the resident’s time can be apportioned in a way which allows time to do the things 
which are not routine, time for reading and study, time for consultation with the laboratory chiefs, and time 
for discussions with the older staff men. This part of the training is essential; without it the full appreciation 
and proper correlation of clinical conditions cannot be had. 

Dr. Speed spoke of special work in plastic surgery and he and Dr. Street mentioned neurosurgery. It is 
important that the residents have knowledge of these related fields of surgery and, if they can actually work 
on these services, as is done at the Campbell Clinic and Kennedy Veterans Hospital, the knowledge acquired 
should be satisfactory as well as lasting. Every possible opportunity should be given to the residents to 
learn and appreciate the problems involved in total rehabilitation, as is given in the Government hospitals. 
The return of the patient to society as a self-supporting individual, or as nearly self-supporting as is possible 
with his disability, is a definite responsibility of every orthopaedic surgeon. This is now being done best im 
Veterans Hospitals. The pattern should be copied in all large general and orthopaedic hospitals. 

Whenever a service can plan on a junior-senior relationship of residents, as mentioned particularly by 
Dr. Green, it is wise to do so. The Senior immediately develops a sense of responsibility, as mentioned by 
Dr. Badgley, Dr. Speed, and others; and the Junior is instructed, as a rule, with more diligence and detail 
than if it were all done by the attending surgeon or chief-of-service. 
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The measuring and fitting of braces is too often left to the brace man. The young resident should be 
familiar with braces and their application. Dr. Thomas has stated that the relationship of the orthopaedic 
surgeon to the brace-maker should be as that of the architect to the builder. This is well expressed. I believe 
that on most services insufficient attention is given to instructing the resident in braces. A good knowledge 
of braces is important in dealing with all orthopaedic conditions, especially in the care of patients with 
cerebral palsy and infantile paralysis. 

Dr, Smith has mentioned attending bone-tumor clinics. Few places are able to send their men to a 
Memorial Hospital, but still there are few institutions which do not have a tumor clinic in the vicinity which 
the orthopaedic residents could attend. Even if very little of the work in these clinics concerns orthopaedic 
tumors, the experience will be of distinct benefit. I like particularly what Dr. Smith has said about instruc- 
tion in the technique and the positioning of patients for roentgenograms. This is something which few resi- 
dents are taught, and there is certainly nothing more discouraging in the practice of orthopaedic surgery 
than poor roentgenograms, taken in the wrong position or at the wrong angle. Planned and scheduled con- 
ferences with the roentgenologist have been mentioned by several speakers, and should be a regular feature 
in all training programs. 

I do not think that too much attention can be paid to teaching the residents how to speak while on their 
feet, as mentioned by Dr. Badgley, and the practical handling of patients—so important in private practice— 
as mentioned by Dr. Speed. Few services give special attention to these points. The correct method and form 
for the writing of papers should be included in the training. Each resident should be required to prepare 
a paper for publication during his training. Research problems should be encouraged, but not required. 
For some residents it will prove a great stimulus to later achievement; for others it will be lost time. The 
chief-of-service should evaluate as far as possible the investigative abilities of his resident staff and plan 
accordingly. Every service should require of the residents journal reading and preparation of a certain num- 
ber of journal abstracts, and there should be regular journal-club meetings. In these conferences orthopaedic 
history should be included, as mentioned by Dr. Smith. 

Before closing, a word should be said concerning the Government services. When the Veterans, Army, 
and Navy applied several years ago for approval of their newly established resident-training programs, it 
certainly was the belief of some of us that they would have great difficulty to develop services comparable 
to those of civilian institutions. What you have heard today from Dr. Street of the Veterans, Colonel Thomp- 
son of the Army, and Captain Barr of the Navy should allay all fears concerning the excellence of the training. 
They are not only measuring up to the standards of civilian training, but are giving a great deal more training 
in many fields, such as rehabilitation and the care of the paraplegic, than is being given in civilian institutions. 
The supervision of the work, with its volume and variety, is certainly adequate for good training. This in- 
formation is most gratifying to those of us who have worked closely with the Surgeon Generals of the Army 
and Navy and the Chief Medical Director of the Veterans Administration during the last several years. 

These are only a few of the pertinent facts from the discussions, as your Chairman sees them. Unfor- 
tunately, time does not permit elaborating further. As stated, no attempt should ever be made to standardize 
a pattern of training, but it is hoped that out of this Conference will come an improved method of training 
for every orthopaedic service engaged in the development and education of our orthopaedic surgeons of 
the future. 
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and FLANGED NAILS 


for Treatment of Fractures of the Neck of the Femur 


aly Solid Type... 


Wail Driver 





Cannulated Grooved Solid 
Wail Wail Wail 





Wail Extractor 


Locking Pins 


SMITH-PETERSEN NAILS 


3” to 6” 
Cannulated Type... 3’ to 6” 
Grooved Type ..... 3” to 6” 
Thornton Plates 
Lengths....... 3%"’, 4%", 6” 
Angles 
110°, 115°, 120°, 125°, 
130°, 135° 


All Nails, Plates, and Instru- 
ments made of Stainless Steel. 


PRICE FILLER MACHINE 
& MFG. CO. 


508 Rorer Avenue S. W. 
ROANOKE 16, VIRGINIA 
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The Hack Toe Out Shoe 


For your cases 
of uncomplicated 
Metatarsus Varus 





THE TOE OUT 
The Hack Toe Out Shoe provides 


a pronounced abducting flare with 


an otherwise normal construction. 


s ie ] 
sii aa ig aia It may be used as supplied or may 


2-6 0. eee eee ees $ 8.50 be wedged, padded or otherwise 
oe 9.50 . 
814-10 ............ 10.50 modified as you may choose. 


Mail orders filled promptly on re- 
ceipt of size or weight-bearing out- 


lines. 


Creators also of Hack-O-Pedic Club-foot Shoes, HACK SHOE COMPA NY 


Hack Convalescent Boots, and TRI-BALANCE 28 WEST ADAMS 
S M Wome 
HOES for Men and Women DETROIT 26 


Hack TOE OUT SHOES may be obtained from the following dealers: 
MARTIN KRAMER SHOE COMPANY, 709 Republic Bldg., Chicago, Illinois 
MASON’S SHOE CLINIC, 109 E. Broadway, Salt Lake City, Utah 
BYCK BROTHERS & COMPANY, Louisville, Kentucky 
WOLF-WILE COMPANY, Lexington, Kentucky 
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for bone surgery 






the 
Original 


CROSS-CUT SAW 


one of the Cayo 
power instruments 


Designed so that 
it can be brought 
into the surgical field 
completely sterilized ; 


Designed so that 
grafts can be made 
by cutting directly into 
the bone without drilling; 


Designed so that 
any conceivable bone 
operation can be performed 
within surgical 
tolerance time. 


Used successfully 15 years. 
Catalog and prices on request. 
Sold through dealers. 


The CAYO COMPANY 


San Antonio 7, Texas 











A BACK BRACE NEEDED? 


Taylor or low back, or neck brace 


YOU CAN HAVE IT TOMORROW 


Just phone Wichita 5-2638 collect, give 
height, hip, waist, chest measures 


IT’S ENROUTE TODAY BY AIR 


prepaid. Send for complete list of braces, 
belts, wheel chairs. 


A. H. BOSWORTH wichita” 2 Kansas 























| for information concerning 


ADVERTISING SPACE AND RATES 


address 
THE EDITOR 


THE JOURNAL OF 
BONE AND JOINT SURGERY 


| 8 The Fenway 
BOSTON 15, MASSACHUSETTS 














SURGEONS RECOMMEND 


Boston Preparatory Limbs 


24-hour Hospital Service 






AIRPLANE 
METAL 
LIMBS 


Limbs of 
GOLDEN 
OSIER 
and 
FIBRE 


The Result of 
Scientific Limb-Making 


BOSTON ARTIFICIAL LIMB CO., Inc. 


69 Canal Street 
Telephone: La. 3-6548 


Boston, Mass. 
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. WITH 


GE RIGINAL K 
TRADE MARK PAT. APPLIED FOR ©P.P. 
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Specially aby 
v) 

designed for 4 i) 

walking casts! 


@ Kast-Socks offer a simple solution for your pa- 
tients who object to a soiled walking cast. Kast- 
Socks will protect the toes and keep the cast clean. 


Kast-Socks are made of fine white cotton yarn, 
reinforced at all points of strain for long wear. 
Elastic is inserted at top and around heel opening. 
Kast-Socks are easily stretched...can be pulled 
on or off quickly. 


You and your patients will appreciate the neatness 
and convenience offered by Kast-Socks. See for 
yourself. Write on professional letterhead for sample 
and literature. 


PLAUT PRODUCTS 


Eastern Distributor 
UPSHER & COMPANY 


122 East 42nd Street New York 17, N. Y. 


149 W. Fourth St. 
Cincinnati 2, Ohio 
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... doctors receive 
too few thanks! 


People in need of help very 
often forget the aid the doctor 
has given when the need has 
passed. 

That’s why we, of Propr-Bilt, 
are proud of the thanks which 
doctors say they are receiving 
daily from the mothers of chil- 
dren wearing our shoes. 

Propr-Bilt’s orthopedic con- 
struction, designed to aid the 
doctor in the protection and cor- 
rection of weak arches, prona- 
tion, or poor posture, is con- 


cealed in a beautiful exterior 
styling. 
Thus, a “prescription” for 


Propr-Bilts is not only pleasant 
to take, but the continued use 
of the shoes thru childhood re- 
minds the parents again and 
again of the help and advice the 
doctor has extended. 

For ourselves, and for the 
thousands of mothers whose 
children are building better foot 
health, may we extend sincere 
appreciation. 


Ls you are not acquainted 

ith Propr-Bilt Children’s 

e Shoes and the aid they can 

ik foot 

condition is indicated, we will be happy 
to send you an interesting folder outlin- 


ing their construction and protective 
feature: 









PROPR-BILT 


REGISTERED US. PATENT OFFICE 





AMERICA'S No. 


Chilbven’s 
O'DONNELL SHOE CORPORATION 


Humboldt, Tenn. 
811 Marbridge Bidg. 
47 West 34th St., N. Y. City 


Shoes 
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ARTIFICIAL 
conten LIMBS 


Sympathetic, competent attention given the prosthetic needs 
of your patients—your instructions followed meticulously. The 
skilled Winkley staff conforms to professional standards. 


THE WINKLEY CO. 


1330 WASHINGTON AVE. NO. MINNEAPOLIS, MINN. 
also 
90-5th Avenue, New York 237 No. Market, Wichita 
908-6th Avenue, Des Moines 215 So. 13th Street, Omaha 


731 W. 2nd Street, Davenport 














INSTRUMENTS FOR SURGERY “ 
a tal toon Hans W. Christoph 


: ; INCORPORATED 
Set of spring or elastic splints (knuckle bender, 
etc.) «= Spring splint for supination s# Set of Manufacturers of Surgical and 
tendon-stripper instruments s Anvil for small Orthopedic Appliances 


i Hand 
Sak as dhs Unuthaes venta bons tes ARTIFICIAL LIMBS 
Special surgical instruments made to order 1927-33 Delancey Street 
H. WENIGER Philadelphia 3, Pa. 


143 Valencia St., San Francisco 3, California N.E, Cor. 20th and Delancey Streets 




















WILLIAMS 


LUMBO-SACRAL BRACE 


Measurements: 1. Chest (about 4” below nipple line); 2. Waist (at navel 
line); 3. Pelvic (Y2 distance between greater trochanter and crest of ilium); 
4. Seventh cervical spinous process to sacrococcygeal junction. 


Artificial Limbs Equipped with Mason Adjustable Sole-Leather Sockets 
ALL ORTHOPAEDIC APPLIANCES 














Orders filled at the request of bers of the profession only 
MILLER BRACE CO. 
208 Medical Arts Bldg. Dallas, Texas 
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Clarks 


NEW CORKECTIVE HEEL 
for Childres. 


Clarks have pleasure in announcing that they 
are making a new heel, suitable for attachment 
to an ordinary pair of Clarks Children’s Shoes, 
which can successfully replace the use of 
T-irons or heavy surgical boots in the treat- 
ment of certain foot ailments and leg 
weaknesses. 


CLARKS CURATOR HEEL 


has been clinically tested by an orthopedic 
surgeon, who has employed it in a number of 
cases with most encouraging results. The heel, 
moulded in light-weight rubber, is shaped to 
give arch support to weak feet (valgus feet). 
It is intended, as far as possible, to ensure that 
there shall not be indiscriminate use of this 
corrective device. Clarks prefer that it should 
be used only when specified by medical 
practitioners and that its fitting, etc. should 
be under expert supervision. Full details are 
available to members of the medical pro- 
fession, children’s clinics, etc. on application 
to Clarks. 


C. & J. Clark, Ltd., Street, Somerset, England. 
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 — swing begins at the front of 
heel approximately at the astragalo-scaphoid joint 
instead of acting merely as a metatarsal abductor. 
Pressure is distributed and applied at three points: 
1. Laterally directed pressure over the medial 
border of the first metatarsal ... A LEVER. 
2. Laterally directed + over the medial 
margin of the os calcis . . . A LEVER. 
3. Medialiy directed peessute directed opposite 
the calcaneo-cuboid joint .. . A FULCRUM. 
An elevation in the sole unde the calcaneo- 
cuboid joint corrects so called “rocker foot’. 
THE TARSO PRONATOR SHOE SUPPLIED 
SINGLY. . . IN PAIRS . IN SPLIT PAIRS 
Write for descriptive folder and nearest dealer 
TARSO SHOES, Ine. 
A DIVISION CF WILBUR COON SHOES 
37 Canal St. Rochester 3, N. Y. 








TURKEL TREPHINE INSTRUMENTS 


FOR ADMINISTRATION OF FLUIDS THROUGH MARROW 
FOR BIOPSIES AND ASPIRATIONS 
of Marrow, Vertebral Bodies, Iliac Crest, Liver, Prostate, Breast, Muscles, Glands, etc. 
ADVANTAGES 


- 


. Controlled force and depth of penetration : : 


ad 


cavity). Core may be used for biopsy. 


>» w 


cap protects needle while not infusing. 


wn 


through the same aperture. 


PRICE LIST 


Leakage elirninated around needle and needle remains in place while infusing. 
. Infusion may be interrupted and started without removing the needle. Plastic 


. Aspiration, irrigation and insertion of various substances may be performed 


MARROW INFUSION INSTRUMENTS 


BIl 1518-1737 Infant’s Tibia and Femur 


mediastinum practically impossible to enter. 
No broken bone particles formed (thus no plugging of sinusoids and less possibility to form clots within needle and marrow 






snmee weno 


$22.00 1946-48 REFERENCES 


SIB 1518-20 Children’s Sternum__. ? 2.50 Sternal Puncture — Piney age 73°46 
BIB _‘1417-20 Adult’s Sternum 12:30 Memaidisag — Wanirate nue as an 
(Army-Navy Officers: The above set is listed in your catalog ‘‘Needle, sternal Folic Acid — T. D. Spies. . page 91 °47 
eae Ee Stock No. 3-506-800). Near Book Pediatrics. . . page 440 '46 
GOT Right Glass Observation Tubes 1.50 Blood Deriv. & Subst. — White & 
PCI Plastic Cap for Marrow Infusions 2.00 Weinstein page 200 '47 
MM MM Brit. Med. Jri. 1:504 April 12, (47 
Sm Gee tos fee BIOPSY INSTRUMENTS Gastroenterology 8:675 May '47 
SB 12-14 20 6 Sternum Bee: 00 — Gradwohl ge 599, 976 pow 1067 "48 
SBL 12-14 75 25 Liver, Breast 24.00 Penicillin Therapy — Kolm er 119 °47 
SBC 11-13 50 10 lliac Crest . . 26.00 Hematology — Sturgis . . page "7s, 775 "48 
SBM 11-13 10 Muscles. . PO Pharmacology — Oldham, etc. age 35 °47 
SBP 11-13 100 Prostate, Uterus cocece Mn Surg. Treat. Bancroft page 195 47 
Ss 9-10 85 10 Bones (except extra hard)... .... 28.00 Min. Surg. — Christopher page 883-914 °48 
SB 9-10 125 10 Bones (except extra — errr 30.00 Vertebral Bodies wy ed - J. Bone & 
SBV 11-13 125 30 Vertebral bodies... . . cocccccse GOD Joint Surg. 31A:1 ..+. Jan, °49 


TREPHINE INSTRUMENTS, INC. 


1302 INDUSTRIAL BANK BUILDING 


DETROIT 26, MICHIGAN, U.S.A, 
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L lete? 
Is Your File Complete: 
ORR 
Many subscribers to The Journal of Bone and Joint Surgery have their Gzo 
volumes bound each year for their reference libraries. Tac 
~ . ay 
Calls for back issues during recent months have depleted the : 
supply of some numbers. We 
: ; Jos 
If you lack certain numbers and wish to complete your file of JI 
The Journal, you should promptly ascertain if the missing numbers Au 
are available. (Not all issues are available. ) Ev: 
Single copies of 1948 numbers....... eeeeeeeee $2.50 each em 
Single copies of issues 1922-1947............. 1.50 each Ws 
Single copies of issues 1916-1921 {monthly}... .50 each Jo 
M. 
Write to: Ir} 
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